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REHABILITATION OF LAKE LADORA DAM
FINAL DESIGN REPORT

1. Purposa: The Final Design Report for Ladora Dam ie presented to Rocky
Mountain Arsenal with design details, conatruetion drawings, specifications,
and a cost estimate for the selected remedial repair for Ladora Dam chosen by
Rocky Mountain Arsenal from the alternatives evaluated in the Concept & 65%
design submittals. The purpose of this design is to remediate the
geotechnical concexns and satisfy the hydrolegic requirements and deficiencies
necessary for a dam of its size and hazard classification located on azmy
installations.

2. Beope: This document is designed to advance the details of the gelected
alternative presented in the Concept & 65% Demign Reports. The selected
alternative includes replacement of the south embankment of the dam, the
installation of a gravity flow outlet works, and a 100 feet wide sarthcut
spillway. The spillway includas an earth lined channel with a series of low
head drop structures. The rehabilitation will alse include placemsnt of
riprap protection on the upstream slope of the entire embankmert .

3. Authorization.

3.1. Authority. Memorandum, Rocky Mountain Armenal, AMCEM-RMM, & June,
1996 subject: Q&M Project, Lake Ladora Dam, Rocky Mountain Arsenal (RMA). -

3.2. Criteria. RMA has requested a 65% Design and Construction Cost
Estimate identified herein,

4. Project Demcription:

4.1. Location. Ladora Dam is located in Section 2, Township 3 South,
Range 67 West, in a natural ravine in Adams County, Colorado referred to as
Irendale Gulch. Refer to Plate Nos. 1 and 2 for a plan view of the vicinity
and location maps.

4.2. Purposs of Dam. Ladora Dam and lake is used to store water for the
following purposes: 1) Irrigation, 2) store a standby water gupply for fire
protection, 3) control and measure surface runcff on the arsenal, 4) help
direct groundwater movement and location, 5) fiah and wildlife and ressearch,
and 6} public recreation.

4.3. 8iie and Hazard Potential Classification. In Accordance with
guidance from the Axmy Center for Public Works, the Dam Safety requirements
for dams owned ox located on an army facility must meet the most stringent of
Federal or State dam hydrologic criteria. The current Federal cvriteria For
safety modification for an existing dam is that it ghould meet a base mafety
standard. The base safety standard is met when a dam failure related to
hydrologic cdpacity will result in no significant inecrease in downstream
hazard over the hazard which would have axigted if the dam had not fajled or
not existed and still had a flood through the area. For the 100-year storm
event,  failure of Ladora Dam would increazse the peak stages downstream of RMA
by leas than one foot. This inoreasa is not considered significant.
Therefore, the 10¢-year event is an adequate design inflow routing standard
for Ladora Dam. Therefore, the safe hydrologic desi of Ladora Dam calls for
a spillway discharge capability for the dam, in eombination with an embankment
creat height, that c¢an handle the 10Q0-year flood event without the embankment
being overtopped.



4.3.1. Slze. Ladora Dam has a maximum height of 22.4 feet and a
maximum controlled storage ¢apacity of 280 acre-feet (Standard Operating
Manual). According to Federal guidelines, it is classified as a small size
dam. A small size dam has a height greater than or equal to 25 feet but less
than 40 feet; or a storage capacity greater than or equal to 50 acre-feet but
less than 1,000 acre-feet. The State of Colorado also classifies Ladora Dam
ag a small dam. According to State criteria, a small dam is defined am
greater than 20 feet in vertical height but equal to or less than 40 feet in
height and 1,000 acre-feet in capacity, or is greater than 100 acre-feet but
eq?al to or less than both 1,000 acre-feet in capacity and 40 feet in vertical
height.

4.3.2. EHazard Potential Classification. According to Army
guidelines, Ladora Dam is c¢lassified as having a significant potential for
damage in the event of failure. A significant hazard classification is
defined as having potential for appreciable proparty damage (notable
agriculture, industry or structures) and no loss of life {no urban
developments and no mors than a small number of inhabitable structures
downstyeam). The hazard potential was determined by the resultin?
consecquences of failure of the dam on a clear, sunny day and routing of the
flood wave downstream., The failure of Ladora Dam would potentially cause
failure of Iake Mary Dam and a high railrocad embankment located on the Arsenal
immediately downstream of Lake Mary. Outflow from these failures would pond
behind the Burlington Northern Raillroad (BNR) embankment along the northwest
boundary of RMA until the ponded water reached an elevation high encugh to
flow northeast parallel to the tracks. Flows would eventually reach a low
point in the BNR embankment about 500 feet north of Ninth Avenue. Failure of~-
the BNR would most likely ogeur at this location. The resulting outflows
would spread out over a rural area northwest of the Arsenal. Without the BNR
embankment located aleong the norchweat bhoundary, Ladora Dam would be
classified as having a high potential for damage or loss of life in the svent
of failure. This is because outflows would pass directly into a remidential
area instead of being diverted to a rural area. The State of Cclorado
classifies Ladera Dam ag a Class III dam. A "Class IIIY dam is a dam for
which loss of human life is not expected, and significant damage to structures
and public facilities (rendering the structures uniphabitable or inoperable)
iz not expected to occur in the event of a failure.

4.4. Basin Descrxiption. Ladora Dam and Lake ip located in the Irondile
Guleh Drainage Basin on RMA about 10 miles northeast of Denver, Colorado.
Drainage area at the dam site is 15.86 square miles. The drainage bagin has a
total length of 8.0 miles and an average width of about 2,0 miles. The
topography of the area is gently undulating and drainage patterns are not well
defined. B5lopes along streams in this area average about 30 feet per mile,
The predominant cover in the watershed is grassland. Presently, approximately
30 percent of the Irondale Gulch Drainage Basin upstream of Ladora Dam is
urbanized and is anticipated to increase do to the construction of the new
Denver airport. .

4.5, deanaral Geology.

4.5.1. Physiocgraphy. Rocky Mountain Areenal (RMA) is located
within the Colorado Piedmont Sestion of the Great Plains physiographic
provinca. This secticon consists of a late mature to old, elevated plain with a
low rolling topography. The Arsenal itself is located on the eastern edge of
the broad valley of the South Platte River, esast of the foothille of the Front
Range of the Rocky Mountains. Topographic relief across the entire Arsenal is
approXimately 200 feet, with the land surface generally sloping northwest
toward the South Platte River.

4.5.2. Overburden. The overburden congists primarily of alluvial
clays, sands, siltg, gravels and some cobbleg in various combinations. Above
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the bedrock, the s0ils are Quaternary alluvial deposits ranging from 0 to 70

feet in thickness, with irregular, braided chammel depoaits and lenses

characteristic of alluvium. Omcasional calcarecus cemented zoneg oceur in the

alluvium and may vary from several inches to several feet in thickness. The

alluvium iz overlain in places by more reacent deposits of windblown silts and
. sands,

4,5.3. Bedrock Stratigraphy. The Denver and Arapahoe Formations
are the bedrock units immediately underlying the Rocky Mountailn Arzenal. They
congigt of deltaic shales, claystones, sandstones, and conglomerates. The
Denver Formation is youngdr and overlies the Arapahoe Formation. The thickness
of the Denver Formation at the Arsenal is approximately 250 to 400 feet,
Occarional lignite beds are known to ocecur locally in the Denver Formation,

4.5.4, Bedrogk Structure. Rocky Mountain Avmenal is situated in
the northwastern portion of the Denver Basin. The basin ig an oval-shaped
structural depression measuring approximately 120 py 70 miles. The basin is
filled with approximately 15,000 feet of sedimeptary rocks, ¢omposed moatly of
shales, sandstones and conglomerates, with lesser amounts of limestone. The
bedrock immediately underlying RMA has a gentle regionmal dip to the southeast.

4.5.5. Seismicity. The State of Colorado has a relatively low
frequency of earthquakes in historic time, with a maximum intensity of ¥l on
the Modified Mexrcalli Scale. Three intensity V1 earthguakes ocourred in the
Denver area in 1565 and 1966, but were attributed to fluid injection at the
Arsenal, The affects of other earthquakes were only locally felt, and
magnitudes of all earthquakes have generally been less than 4.0 on the Richter
Scale. In reference to the Department of the Army TM 5-809-10, "Seismic Desigh
for Buildings, " dated October 1992, the Recky Mountain Arsenal lies within
seismic risk zone one where minor damage could be expected from seismic
activity. 2Zone one has a seismic coefficient "2" value of 0.075.

4.6. Existing Bwbankment. The Ladora Dam embankment extends south to
north acrogs a primary drainageway, then bends northeast from a natural knoll
and continues across a shallow gecondary drainageway. In 1942, the original
enbankment, designated herein as the south embankment, was raised 5 feet to
its present crest elevation and was also extended to the northeast. The
extended portion of the dam ig designated in this report as the north
embankment., The south smbankment is approximately 23 feet high at ita maximum
section and extends for a distance of 1,220 feet. The north embhankment is a
uniferm dike approximately 10 feet in height and extends a digtance of 1,080
feer. The crest elevation of both embankments is approximately 5,227.6 feet.
The zouth embankment has a crest width of 25 feet. JIts upstream slope is 1V
on 2H from the crest to slevation 5215, then flattena to a 1V on 4H slope to
natural ground. The downstream slope is 1V on 4H. A 12-foot wide toe berm
was constructed on the downstream slope of the south embankment over the
original drainage ¢hannel and hag a 1V on 1.5H slope to natural ground. The
north embankment also has a crest width of 25 feet and has 1V on 23H slopes
both upstream and downstream. :

4.7. Existing Spillway. The spillway iz located in the left (south)
abutment of the sourh embankment of Ladora Dam, The trapezoidal-shaped
spillway is 4.8 feet below the dam ¢rest and has a 50-feet-wide base width,
with approximate side slopes of 1V on 3K, The spillway crest has an
approximate elevation of 5,222.8 feet M.5.L, and coincides with the centerline
of the service road across the south embankment. During 198%, two concrete
drop structures were constructed in the spillway channel 124 feet and 321 feet
downstream of the spillway crest., The width of beth drop structures is 48
feet. These structures were constructed by RMA to relieve a headeutting
problem which developed in 1987, Rocky Mountain Arsenal (PMEMA) has
constructed geveral structures in the spillway in 19%3. An earth-filled,
riprap-protectad embankment with three 24 inch CMP‘s to convey gpillway flow
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was placed acress the spillway in order to provide access for a hiking path to
the new prairie exhibit around Lake Mary. Rock-filled, gabion baskets were
placed within the flowlins of the spillway channel in an attempt to reliave
the present headcutting. The drop structure closest to the spillway crest has
been altered by the inclueion of a flume to measure flows at the downstream
end of the structure. Refer to Plate No, 3 for a plan view of the project.

4.8. Bxisting Outlet Worke. The outlet works facilities which exist fo
Ladora Dam consist of a B-inch siphon and a pumphouse. The siphon was '
ingtalled through the maximum section of the south embankment for the purpose
of drawing down lake Ladora and filling Lake Mary just downstream. The
pumphouse is located between the north and south embankments on a natural
knoll. The pumphouse is capable of pumping water from Ladorxra Lake to
industrial buildings located to the north of the lake or to a 500,000 gallon
elevated storage tank located to the north of Lower Derhy Lake. Records on
file at RMA indicate that at one time (prior to embankment recenstruction in
1542) a drainage line extended through the south embankment of Ladora Dam;
however, no evidence of this line has been observed during the field
inspections conducted to date. It is possible that this drainage line was
either buried or removed during reconstruction. Refer to Plate No. 3 for a
plan view of the project.

5. Constructien Eistery: Information is not available relating to the
original construction of Ladora Dam; however, it ie known that the dam was
constructed for irrigation purposes. In 1942, the c¢rest of the dam was raised
5 feet above ite original elevation of 5,222.8 feet M.8.L. in oxder to enlarge
the reservoir., Prior to heing raised, the dam had a top width of 8 feet, -
upstream slope of 1V on 3H and downstream slope of 1V on 2H, ‘The dam had a
pipe drainage line extending through the bottom of the £fill section; however,
as dimcusged in the paragraph above, no evidence of this line exists today.

Yt is possible that this drainage line was either buried or removed during
reconstruction., In the enlargement of the dam, all embankment surfaces,
including the crest road and slopes of the dam, were stripped of vegetation
and scarified to a depth of approximately 18 inchea. The upstream slope was
retained at a slope of 1V on 3H in order to prevent new fill from obgtructing
tha original outlet drainage structure.

6. Operating Procsdurss: The operating procedures for Ladora Dai are the
responsibility of the Program Managar Rocky Mountain Arsenal (PMEMA). The
operating procedures are documented in the 1995 Water Management
Implementaticn Plan.

7. Problsm Evaluation: Ladora Dam in its existing condition does not meet
the hydrologic requirements necesaary for its size and hazard classification.
It hag been recommended in past inspection reports performed by the Corps of
Engineers-Omaha Distriet that permanent rehabilitation measurss be taken to
improve the hydrologic adequacy of Ladora Dam and Lake. Such measures should
include raising the embankment, enlarging the existing spillway, constructing
a pecondary epillway, armoring the dam embankment with a material such as
Roller Compacted Conerete (RCC), or any combination of these. A survey was
recently conducted which a new datum wae developed. The following evaluation

utilized that datum.

7.1. Hydrologic Evaluation. The hydrolegie analysis for the Ladora Dam
Rehab invelved: developing new slevation-area-capacity relationships for Ladora
Regservoir from the new 2*' topographic mapping and routing previously developed
inflow hydrocgraphs through the resarveir to datermine the flow through the new
spillway and the required height of embankment.

7.1.1. Elevation-Avea-Capacity Relatienship. The new 2' topographic

mapping was digitized to determine the surface areas for given elevations. The
average-end area methoed was used to determine the elevation-gapacity
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relationships, Table 1 shows the calculated relationships. Figure 1 shows the
elevation-capacity relationships in terms of capacities for feet above the
apillway creet along with a compariscn of the elevation-capacity relationship
calculated for the Irondale Gulch Stormwater Evaluation, by Woodward-Clyde
Consultants, May 1993, As the figure shows, the two relationships are identical.

Table 1
Ladora Reservoir
Elevation-Area-Capacity

w e o
Incremental Total
Blevation | Area Volume Volume
(£t mel} (acres) (acre-feat) {acre-
feat)
| 5222 59.4 - -—
5222.8 64.6{Intex- - -
(Spwy . polated) )
Crest)
5224 72.5 | 82.3 82.3
5228 85.0 157.5 239.8
5228 98.4 7 183.4 423.2
5230 114.8 213.2 616.4 -
5232 132.& 247.4 883.8

7.1.2. Dam Safety/Spillway Desigu Criteria. The Ladora Reservoir
Rigk Analys=is Report, May 1984, showed that the 100-year flood event would
increase stages downstream of the Arsenal 0.6 feet for the failure and no failure
conditions for Ladora Reservoir. Although no economic analysis was performed,
it was assumed that there would be no significant increases in flood damages for
this increase in flood stage, and the Ladora Reservoir Spillway should be
designed to safely pass the 100-year flood event.

7.1.3, Dexign Inflow Hydrograph., The 100-year inflow hydrograph was
previously developed for the Ladora Reservoir Risk Analysis - Addendum Onse,
October 1994. An issue in the determination of the 100-year inflow hydrograph
iz whether or not the outflow from Havana Street Dam, located upstream of Ladora
Reserveir, will flow into Ladora Reservoir or bypass Ladora Reservoir. The area
between Havana Street Dam and Ladora Ressrveoir was modelled to determine the
percentage of outflow from Havana Street Dam which will flow into Ladora
Reserveoir. The intervening area between the two regerveirs was modelled as a
series of interconnected depression areas or cells. Flows were modelled as
either bypassing or flowing towards Ladora Reservoir based on discharge rating
curves developed from the weir ecquation. The elevation-capaeity relationships
of the interconnected depression areas were developed from the new 2' topographic
mapping. The results of the analysis show only a small percentage of Havana
Streetr Dam flows actually reach Ladora Reservoiy, and of the flows reaching
Ladora Reservoir, the peak flow rate is greatly attenuated and lagged as the
flows are routed through the storage cells. Consequently, for the design of the
Ladcra fahab, Havana Strest Dam outflows were modelled as bypassing Ladora
Reservolr, ’



7.2, Geotechnical Evaluation. The existing embankment in its present
condition is in need of repair. The following ohservations of the embankment and
its condition are diecussed below. This evaluation was the result of the last
formal field inspection made by the Corps of Engineers-Omaha District on April,
2, 1996 as well as data obtained during the July 1994 installation of five
piezometexrs.

7.2.1. Upstream Slope. The upstream slopes of both north and south
embankments were in fair condition. Areas of erocsion scarps, similar to these
repaired in 1993, were noted along the watere edge of both north and south
enbankments. It appeared the scarping was caused by precipitation runoff and
wave action. It was recommended that scarping be repaired with the same rock and
procedure as was dons in 1993. Other than the scarp areas previously repaired,
the embankment is virtually unprotected. Riprap which included bricks and large
pieces of concrete were found placed along the upstream slope. Riprap of this
nature, acts to accelerate the erosion rather than combating it. These
unprotected areas were showing more surface erosion on this inspection than on
the previous inspection, It was recommended on this and previous inspections,
that during rehabilitation of Ladora Dam the entire upstream slope of the
embankment should be regraded and a properly designed slope protection be added
acrogs the entire face.

It was noted during previous inspections, several large trees were growing in or
cloge to the embankment on the upstream slope of the south embankment at the
south abutment/embankment contact and on the upstream slope just south of the
pumphouse. The roots of trees can create potential seepage paths through the
embankment and foundation. This is especially true for decaying roots if the
trees should die. Also, it is possible for these trees to be blown over duriny
a gtorm potentially creating a hole in the embankment., As recommendsd during
previous inspections, these trees should be removed and the roots grubbed down
to about 2 inches in diameter during rehabilitation of Ladora Dam. As was the
case during previous inspections, a number of rodent heles were observed on both
the upstream and downstream slopes. It was recommended that the rodent holes on
the embankment be backfilled with impervious wmaterial and the rodents be
controlled.

7.2.2. Embankment Crast. The embankment cresets on both the north
and south embankments were in good condition with no unusual cracking,
migalignment, differential or excesgsive settlement observed, The crest road on
the gouth embankment was resurfaced in 1592 and the erest road on the nporth
embankment was resurfaged in 1988, Both asphalt surfaces appeared in good
condition.

7.2.3. Downstream Slopes. The downstream slope of hoth embankments
and the downstream area of the south embankment were inspected and found to be
in faixr condition. Grass cover was sparse over most of the downstream slopes of
both embankments. No wvipible pespage or wet arsas were npoted during the
inspection of the downstream slope of the north embankment.

A gsespage area was noted on the downstream slope of the south smbankment near the
south abutment/embankment contact just upstream from Lake Mary. This wet area
has been observed on previcus inspections. Cattail growth and other hydrophilic
vegetation ig typically heavy in this area. This area can typically be described
as moist and soft with some areas of ponded water. Based on past inspections,
it appears that the size and amount of ponded water depends from year to year on
the pool elevation.

In addition to the previsusly documented wet aresa, a new wet area was found
during this inspection. The area wawy located along the north side of the south
embankment approximately 30 feet downstream from the toe, It appeared that the
area was approximately 2 feet above Lake Mary with dimensions of, at least, 50
feet by 20 feet. This area may have been present during past lmspections, but
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was not wvisible due to the heavier vegetation. As stated preﬁiously. the
vagatation was not as heavy during this inspection allowing for a better visual

inspection,

7.2.4. Gaotechnical Investlgation. In 1994, £five open tube
piezometers were installed in the dam in an attempt to identify the phreatic
surface within the embankment, determine the hydraulic gradient within the
embankment and to classify the embankment materials. Piszometer data taken over
a period of time with a wide range of pocl elevations enables an evaluation of
the effect of the pool sn downstream seepage, enable the identification of
potential piping 4reas and enables the identification of potential slope
stability problems. The piezometers were installed in two linea {lines ALB). The
instrumentation details, embankment cross-sections and data can be observed on
Plates 5,6 and 7.

The data from each of the five piezometers exhibites direet responsiveness to the
pool with a lag time of 3 or 4 days. The piezometers measures a flat phreatic
gradient aleng both lines of piezometers with little head loss through the
embankment. Data was usad in a seepage model to obtain the in-situ hydraulie
conductivity, seepage quantity, and exit gradient in order teo determine if any
concerns could develop given an high pool. The conclusion of this analysis is
that Ladora Dam seeps water through the pervious foundation and embankment at a
high rate inte Lake Mary downstream. ‘The sespage model calculated the exit
gradient at the toe of the dam and factor of safety against piping. The lowest
factor of safety (FS) obtained was 1.1. This FS was calculated with the pool at
the dam crest. It is recommended that measures be taken in the design of the
rehabilitation of Ladora dam to raise this factor of safety. Thie analysis can
be found in Appendix A of this report. -

During installation of piszometers, geotechnical properties were gathered from
SPT’'s and laboratory tests to better evaluate the internal condition of the
embankment. The following geotechnical data was obtained,

*» Boreholes were field logged and periodically sampled and lab clamgsified
according to the unified vlassification system. The field legs and lab results
show a homogenous embankment that varies {ittle in material properties from the
foundation. The soils encountered in the embankment at Ladora Dam consisted of
silty and clayey sand (8M and SC), likewise, the foundation material consisted
of mpandy ¢lay (CL) to silty and ¢laysy sands (S8M teo 5C) and varisg between 70%
and 86% sands. See Appendix A for logs and lab results.

e 5PT's were taken in two of the three boreholes located through the crest
of the dam. SPT's were taken every § feet and extended inte the foundation of
the 23 feet high dam. These holes are A-6 and B-9 which are both located on the
upstream edge of the dam crest, A-6 i located near the maximum dam section and
B-9 is located near the left abutment of the dam. The S5PT results in both
boreholes show that the embankment soils (SC-SM) are in a very loose state with
blow counts betwaen (1-4} blows per foot. The left abutment appeared to be in
a more dense state {11-14) blows per foot.

. None of the five bereholes werm drilled to bedrock; however, the
alevation of bedrock {shale} is near 5165 which is taken from the base wide
bedrock contour maps.

8. Dusigm.

8.1. General. This design analysis presents details on the selected
remedial repair of Ladoxra Dam. The selected remedial repair was determined
jointly by the Program Manager for Rocky Mountain Arsenal and the U.5. Fish and
Wildlife Service based on information presented in the Concept and 65% design
submittale. The remedial repair inecludes the following:
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& Replace the pouth embankment.
® Raige and regrada the north embankment,
® Gravity flow ocutlet works.
- Concrete intake gtructure.
- 36in, Reéinforced concrete pipe.
= Grass lined outlet channel,
Qutlet Works diversion inte Lake Mary.
100 Feet wide trapezoidal earthcut spillway.

£.2. Reservolr Routings.

8.2.1. Design Criteris and Constraints. During the initial phases
of this design, an agreement was reached between the COE and Rocky Mountain
Arsenal that the spillway and embankment improvements to Ladora Dam would be
designed based on the following criteria: The spillway and embankment
improvements would be sized using a 100-year design inflow. The designed
improvements would provide the miniwum of; (1) 3-feat of freeboard above the
maximum pool elevation assuming no upstream dam failure (Upper Derby Dam) or (2)
would pass the 100-year flood assuming failure of Uppsr berby Dam without
overtopping the embankment.

8.2.2. Final Reservoir Routings. Reservoir routings were run using
the previously mentioned with and without upstream dam failure inflow hydregraphs
and the design spillway rating curve to determine the top of dam elevation and
peak spillway digchaxge. The final spillway design width was determined through
an iterative process in which various configurationsz of epillway bottom widsh,
side slopes, invert slopes, location of grade control mtructures, location of
cregt and crest elevation were examined. The final configuration was arrived at
ag discussed in the hydraulic design section of this Design Analysis. Table 3
shows the repults of the final routings. Both scenarics show thiat either the
condition for upstream dam failures with no freeboard or the condition of no
upstream failure with 3’ of freeboard would be satisfied with the design
embankment crest of approximately $227.5 £t msl. The embankment will be builr
to elevation 5228.5 which include one foot of overbuild for settlement purposed.
Figures B-3 and B-4 show the inflow, outflow, and pool hydrographs for the with
and without upstream dam failure conditions respactively. ‘

Table 3

Fipal Ressrvolr Routing Results
Inflow Peak Pask Max. Required Required
Hydzrograph | Inflow Cutflow Pool Freabourd Exbankment
Includans (cfa) {cEn) Laval (fant) Height
Uppex (£t. MSL) (ft MSL)
Dearby
Failure
Yeod 3130 2340 5226.4 ] 5226 .4
No 750 680 5224.5 3 5227.5

8.3. Embankment Dam Design.

8.3.1. BScuth Embaniment. The scuth embankment design consists of
excavating the existing south embankment to natural ground and replacing it
with compacted £ill., The compacted fill will conwist of a clay core and a
clay filled shallow cutoff trench. The rest of the compacted fill will be
random £fill material from the spillway, existing south embankment, and outlet
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channe] excavations. The new embankment would be eonstructed to elevation
£228.5 with the elevition of the emergency spillway crest at elevation 5222.8.
The hydrologic crest elevation of the embankment is at elevation 5227.6 as
determined from hydraulic routings with freeboard as discussed in section 7.1
of this report. The gonstructed slevation of the embankment placed at EL
5228.5 is to account for anticipated settlement of the embankment and
foundation. The naw embankment section will include the installation of a
sand-gravel drain system which would function as a foundation trench drain.
‘The ambankment will consist of zoned £ill with a clay core and a three-foot-
deep clay cutoff trench in order to reduce through and underseepage. The
cutoff trench im degigned to improve the foundation that the embaokment will
be bearing against as well as to reduce undersespage., The plan, profile, and
typical crose-section of this deaign are shown on the construction plans.
Prior to excavation of the embankment, the existing topsoil on the smbankment
alopes, ahall be stripped from the embankment slopes and stockpiled for re-
use. The existing asphalt road will be regquired to be demolished and removed
off-gite. The upstream slope of the dam will reguire slope protection based
on the result of the exiegting dam history of erosion of the upstream slope
from wave action. The majority of the horrow materials, te be used to
constxuct the nsw ambankment, shall be taken from the spillway excavation.
Suitable materials excavated from the existing dam may be re-compacted as
borrow materials for the new dam. Boring loge including soil classification
test data for the spillway excavation area was performed by Harding Lawsen
Apsociates. ‘These logs and goil classification data can be found in appendix
A of this report.

Dewvatering of the existing lake will be required. This work will be done by
Rocky Mountain Arsenal prior to construction. -

8.3.2, North Bmbankment. The north embankment design consists of
excavating, grading, and compacting new sarthfill to re-establishing the 3:1
upstream glope and the new smbankment crest elevation of 5228.5. Prior to
earthwork activities the embankment slope shall require stripping of the
eximting topsail and vegetaticn from the dam and stockpiled for reuse. The
existing asphalt road will be required to be demolished and retmoved off-site.

8.3.3. Roek Riprap Design. It is recommended to use the same
size, layer thickness, and gradation of rock and bedding materials for the
embankment rock ;iﬁrap as was uged on Lower Derby Pam. The fellowing riprap
gradation and thickness would be required to be placed on a 3:1 Ladora Dam
embankment slope (See constyuction plans for details).

Gradation of the Rock Riprap:

Percent Lighter than Stone Weight (LBS)
100 100
30-50 25
l0-25 10

Bedding Gradation:

Sieve Bize Percent Passing by WT
2-1/2" 100
v §5-100
in 3%5-70
172 10-30
¥4 0-5



8.3.4. PYoundation Design. The foundation soils for the south
embankment of Ladora Dam are saturated because of the presence of Lake Mary
Dam which backs water against the downstream toe of Ladora Dam therefore
reatricting free drainage. This will present stability and seepage/piping
design concerns for the new embankment.

8.3.5. Saepage/Piping Design. A detailed seepage analysis was
prepared for the existing dam and the new embankment, The U.S. Army Corps of
Engineers SeeplD computer program was used to model the dam. The embankment
was modeled for both the high pool and normal pool conditions., The resulks of
the analysis of the existing dam indicate the need for seepage control for the
dam. Baged on the installation of the piezometers, the foundation moils were
found to consizts primary of layers of silty-sand (8M), silty-clay (SC), and
poorly graded sands (SP), Because of the scarcity of relatively imparvious
8oils such of clays a zoned filled dam is proposed. The cross section consists
of a ¢lay core with a random £ill shell. Sespage quantities and uplift
gradients for the new embankment were computed using the Sesp2D model and
using the geotechnical design values estimated in appendix A. An impervious
core and foundation trench drain were shown to be necessary in order to obtain
# satisfactory factor of safety for failure due to piping. Computations ecan
be found in appendix A.

8.3.6., BSlope Stabllity. The following geometric crogs-secticnal
shape of the embankment was developed based on the on-site borrow material
identified from site investigation and boring logs in Appendix A,

Top width - The embankment top width is contreolled becauze of the
presents of a road over the dam. This road ip used for public recreation,
employee access and ovcasional tour bus traffic, as per phone call with Dave
Eyre, it is planned to design for the minimum road width of 25 feet.

Slope design - Simplified procedures for preliminary determination of
embankment slopes were employed as presented in EM 1110-2-1%02, Appendix IV
and V. The methods are useful for determining approximate embankment slopes
prior to more detailed analyses by methods outlined in the same EM, Based on
the calculations below and from experience, the slopes for Ladora Dam shall be
no steeper than a 3 to 1. 'hie will also facilitate maintenance of the slope.
The analysis can be found in Appendix A.

8.3,7. Settlemsnt Analyasis. It ig anticipated that settlement of
the new south embankment will occur due to gonsolidation of the foundation
soils if lake Mary were drained allowing free drainage of the foundation
eaila, The drain system will drain the saturated low density sandy material
of the upper portion of the embankment causing consclidation of the
embankment. The total settlement of the improved embankment was estimated by
assuming the effective stress, density, liguid limit, and void ratio of the
existing (SC~SM, SP) foundation materials based on the SPT’'s, Grain-Size
Analysis, and Atterberg Limit tests performed., The settlemant at the maximum
section of the dam was calculated to be 0.9 feet (rounded to 1.0 foob) giving
a final elevation of 5228.8 for the crest of the dam. This analysis can be
found in Appendix A. s

8.4, Outlet Works Desigm. :

8.4.1, Dwmign Criteriam and Constraints. In order to meet the dam
safety criteria for Lake Ladora, a means to lower the pool behind the dam when
the pool elevation is below the spillway crest iB required. State of Colorade
criteria call for Lake Ladera to be lowered five feet within five days. Based
on the area-capacity information for Ladora, approximately 200 acre-feet of
storage would need to be evacuated within the five day perlod. This equates
to a gustained discharge of approximately 20 e¢fs, In order to provide
flexibility in regulating the pool elevation of Lake Ladora, stoplog
structures were desired to be incorporated into the intake design. Due to
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intense monitoring requirements for all discharges on and off the Rocky
Mountain Arsenal, it was desired to install parshall flumes within the outlet
channel to measure releasges from the dam. In addition, it was degired to be
able to divert water from the ocutlet channel into Lake Mary, also threough a
parghall flume.

8.4.2. Kyd!‘lulic D.li.g'n.

8.4.2.1, Outlat configuration, A two-way drop inlet riger was selected
to provide outlet capacity for the dam. The uncontrolled overflow weir crest
wag set one feot below the spillway crest elevation of 5222.8. The outlet
pipe consists of a 16-inch concrete cylinder pipe and ix approximately 100
feet long. The 26-inch pipe was chosen to allow for future inspection
capabilicies, Ingide dimensions of the riper are 3 fest wide (to match the
conduit) and & feet long. Invert elevation of the riser at the upstream end
is 5211.0 with the elevation at the outlet of the conduit downstream of the
dam set at elevation 5210.5. Provisions were made to allow Bome fluctuations
in permanent pool through use of a slot on one side of the two-way riger weir.
A 3 foot wide by 3 foot deep notch was placed on the upstream south side of
the weir. Through use of 6-inch high stop loge, the permanent pool upstream
of the dam can be manipulated for a variety of purpomes down to elevation
5218.8. B gated port at the bottom of the riser having an 18 inch diameter is
proposed for the outlet work structure to meet the 20 cfa discharye ae
required by dam safety criteria. The ocutlet riser was situated as far into
the embankment as possible to minimize the length of conduilt and length of
footbridge necessary to provide access to the structure from the smbankment.

8.,4.2.2. Rating Curve Computations. The outlet works structure was
gized to conhvey approximately 60 cofas at pool elevation 5222.8 ft. msl, which
corresponds to the spillway crest elevation. Conveying flows of up to 60 cfs
through the outlet works would eliminate the frequent flows through the
spillway which have been partially responaible for the damages due to erosion.
In order to determine the effective capacity of the outlet works structure,
the following pip= flow eguations were computed for the riser and conduit: lew
weir discharge with stop logs removed; high weir discharge with stop logs in
place; smooth pipe flow; rough pipe flow; and orifice flow in the riser. The
structure was designed in accordance with Corpe of Engineers Hydraulic Design
Criteyia (HDC) 230-) to 230-1/2. The welr crest will be rounded to increase
efficiency. B weir length of 16 feat (8-feet sach side) and a weir
coefficient of 3.8 was assumed when computing the upper wedr discharge rating
curve. The rating curve for the 3’ wide notch was computed assuming a weir
coefficient of 3.1 bacauge the crest will not be rounded. Orxifice flow within
the two-way drop inlet is an undesirable situation which can cause gulping and
surges in the outlet works and downstream channel, Orifice computations ware
made to ensure that full pipe flow would occur and £ill up the riser before
orifice flow could develop within the riser., Conduit capacity was computed
for a smooth pipe and rough pipe conditions. The smooth pipe condition
agsumed a Darcy-Weisbach friction factor of 0.005 and is used to design the
energy dissipation requirements at the outlet of the conduit. The rough pipe
computations ave utilized for capacity purpeses. A friction factor of 0.018
was asgumed for the concrete conduit. Entrance losses were agsumed te be 0.70
and a full exit loss was assumed. The tailwater elevation was initially
assumed to be about 60% of the conduit diameter. However, upon placement of
the parshall flume in the cutlet channel to measure discharges, the maximum
tallwater inecreased to 0.5 feet above to crown of the pipe. This tailwater
elevation of 5214 was dssumed when computing the head on the pipe for capacity
computations. The low flow was computed uging the orifice eguation and a
coefficient of 0.62, :

The rating curves discussed above are shown on figure 3 in Appendix B. As can

be seen on the rating curve, the 18" low flow pipe has a capacity of about 30
cfs with the pool at the crest of the high weir and a capacity of 20 cfs 5
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feet below the full pool elevation which meets the drawdown criteria.

head drops, the capacity decrsases. The 3’ wide notch at the weir willAa the
provide a maximum discharge capacity of about 60 cfs with 3 feet of head at
wh;gh time the upper weir takes contrel. Weir contrel, either the 3' notch or
entire 16 foot length of weir will contrxol up to a discharge of about 125 cfs
at a pool elevation of 5223.5 which 18 0.7 feet above the spillway crest.
Above this point, the conduit will control the dischargs through the outlet
atructure. The maximum discharge that can pass through the ocutlet works is
about 145 cfs with water at the top of the dam. The outlet chapnel was sized
to contain cthis flow without ovex??owing into Lake Mary.

' - 8.4.3. structural Design. The outlet works as shown on gheet 14
consist of a cast-in-place concrete intake structure with a pedestrian access
bridge constructed from a precast concrete double tes. A concrete steel
cylinder pressure pipe extends from the outlet works through the embankment to
the diversion structure. The intake tower is approximately 15 ft high by 5 £t
wide and 6 £t long. The tower has been designed with the criteria and loading
conditions asz shown in Appendix C.

B,5. Outlet Works Channel Design.

B.5.1. Hydraulic Pasign. '

8,.5.1.1. Demign Critwris and Constraints. The outlet
works channel was sized to convey the maximum outlet works discharge from the
outlet riser. The desires of the Reocky Mountain Arsenal were that the channal
bypass Lake Mary and avoid as much as possible the trail system constructed v
around Lake Mary by the Fish and Wildlife Service (FWS). Diversion capability
for small flows into Lake Mary from the outlet chamnnel ware desirsd. In
addition, the USGS desired to place parshall flumes in the ourlet channel and
the diversion into Lake Mary in order to monitor all outflowe from Lake
Ladora. The USG8 will provide a 24" and a %" parghall flume to place in the
outlet channel and Lake Mary diversion respectively. The 24" flume is rated
at 23 efs at 2 feet of head and the 8" flume is rated at about 6 cfg at 1.5
feet of head based on standard discharge tables. )

8.5.1.2. OQutlat Channel Design. The outlet channel was
located along the side hill south of the FWS trail and generally follows the
contour of the land. The channel was sized as an B foot hottom width channel
with 1V on 3H sideslopes. The channel is approximately 1100 feet long and
beging at the exit of the outlet conduit and daylights into the spillway at
near spillway station 17+50. An invert slope of 0.005 was utilized to match
up with the mpillway invert.elevation at station 17+50. The outlet of the
conduit will be ripraped with an 24-inch thick layer of riprap for 20 fuet
downstream of the outlet. The rock gradation assuming a 24-inch layex
thickness is ag follows:

¥ Lighter Limits of

by Weight Etone Weight
in pounds

100 691 276

50 205 138

is . 146 €2

The aggumed chanpel n-valus was 0.030. Three starting water surfaces
elevarions at the location where the channel daylights inte the spillway were
evaluated, Case one assumed that the flow goes through critical depth which
is a worse case sgcenario from when looking a maximum velocities. Case two
apsumed normal depth and case three assumed the maximum spillway flow
coincident with the maximum outlet dimcharge. For case three, the starting
water surface was gset at the elevation generated by 2380 efs in the gpillway
at station 17+50. This case was used to set the left berm elevation for the
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putlet channel and to compute the tailwater on the outlet conduit. For all
three cases, the flow parameters were well within design ranges. During
maximum flows in the spillway, the outlet works will be discharging about 140
cfs. The c¢ombination of the maximum apillway flow and outlet flow weres used
to set the left berm elevation along the outlet channel to prevant the flows
from flanking or breaching the outlet channel berm and flowing into Lake Mary.
The profiles for all thres cases converge with 700 feet upstream of whers the
channel daylights into the spillway. Fig 4 in Appendix B shows a comparison
of water surface profiles with normal depth and maximum mpillway diacharge
starting conditionwm.

The channel velocities are less than 4 feet per second (fps) for flows less
than about 100 cfs. Maximum velocities approach 4.5 fps for flows from 120 to
14¢ cfs. Maximum permissible velocities for unlinad, unvegetated chammels in
silty sand to eilty clay matexial ranges from 2 to 3.5 fps. However, with a
vegetated chamnel in sandy silt material, the maximum permissible channel
velogity is 6 fpa. See figure § in appendix B for a plot of velocities along
the outlet channel for a variety of flow rates. The unlikelihood of the high
flows and with a source of water from the cutlet works readily available, ir
was assumed that the channel would become vegetated and the expected
velocities would be well within the acceptable range. At the maximum
digscharge of 140 cfs, the depth of flow in the outlet channel is about 2.7

faat.

8.6, Parshall Flume and Divaersion Structurs Design.

8.6.1. Hydraulic Design. At the request of the Argenal and USGST
a 24-inch parshall flume was placed in the outlet channel approximately 150
feet downstream of the outlet conduit to promote tranguil entrance conditicns
to the flume. The furnished parshall flume is undersized for the size of
channel and discharge from the outlet works. However, in convarsations with
the USGS, they are aware of these shorteomings and plan on measuring flows at
C-street or some other location downstream when flows wmxceed the rated
capacity of the structure. Therefore, the flume was designed to be ovextoppad
above a discharge of about 50 c¢fe. The USBR publication Design of Small Canal
Structures chapter § was utilized in designing the placement of the parshall
flume. The 24-inch parshall flume will be placed in the B-foot bottom width
channel and will effectively block the channel for a depth of 2 faet except
for the flume opening. This will create a large head loss through the
structure. Submergence of the flume will not otcur within the rated range (up
to about 23 ofs). Placement of the flume in the gutlet channel was simulated
using the HEC-RAS program which ig a one dimensional steady state flow
backwater program. HEC-RAS is much like HEC-2 but designed for a Microsoft
Windows environment. The flume in the outlet channel raised the maximum water
surface profile upstream of the flume by approximately 1.5 feet. The final
left overbank berm profile way deszigned with this in mind. See figure 6 in
Appendix B for an example of the effect the flume has on water surface
profiles in the ocutlet channel. The flume will be anchored into the outlet
channel with ¢onerete and backfilled, Downgtream of the flume, the channel
and banks will be armored with 24-inch thick layer of riprap of the zame
gradation used at the outlet structure for a distance of 10 fest to prevent
eroglon.

Provigions for diversion of water into Lake Mary from the outlet works
was also raquested, Nominal £lows are required for diversion inteo the Lake
Mazry system. Therefore, a smaller channel and flume structure with a capacity
from 2-10 cfs is required. The outlet channel invert iz about 5-feet higher
than the Lake Mary elevation. Therefore, the diversion channel will be very
asteep and the parshall flume structure will reguire carefull placement since
it will not be effective in a supercritical stream. It is proposed that a
sharp crested weir or cippolatti weir be placed in or immediately near the
left bank of the ocutlet channel with provisions for stop logs to be placed
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upstream of the grest of tha weir gtructure. The stop logs will be utilized
to regulate the flow of water from the ocutlet channel into Lake Mary. The
yeir will drop about 3 to 4 feet leaving & gentle channel slope and outfall
into Lake Mary. According the Design of Small Canal structures, a structure
with a weir length of 2-feet will discharge about 6 ¢fg with one foot of head.
This meetg the discharge requirements set by the Arsenal. Stoplogs or other
channel blocks in the outlet channel can be used to divert a portion of or all
the flow into Lake Mary. Provisions shall be made to not place mtoplogs in
the outlet channel higher than 2 feet in order to limit flows inte Lake Mary.
Tﬁls c;n be done by only placing stoplogs in the parshall flume portion of the
channel.

8.6.2. Stxuctural Desigm. The diversicn structurs as shown on
sheet 15 consist of a gated cast-in-place concrete box 6 ft long by 4 fh wide
and 7 ft high. The diversion structure has been designed in accordance with
the loading conditions and eriteria as shown in Appendix C.

8.7. Spillway Design.

8.7.1. Design Criteria and Constraints. The spillway deaign
consists of a fixed width 100 feet wide earth-¢ut channel with 3:1 sideslopes
through the left abutment of the dam (looking downstream). Due to the
steepriess of the channel and material types in the spillway, grade gontrol wasg
required. Alternatives evaluated ranged from a series of low head rock drops
to large straight drops to a combination of the two. The selected alternative
hased on economics, the FWS and Arsenal desires and aesthetice was a series of
rock drops. The spillway crest elevation was to remain the mame as the
existing crest elevation. The spillway c¢rosses one of the main entrances intow
the Arsenal (C street) downstream of Lake Mary. A 30-inch potable water line
ig located along the downetream side of C-street and we were to avoid
relocarion of this watar line. The water line was located by treanching with
the top elevation at 5200.4 at about the proposed centerline of the new
spillway. Therefore, C-street and any culverte through C-street had to be
ahove this elevation. Additionally, there is an existing parshall flume and
outlet from Lake Mary that discharges into the existing spillway. The
elevation of this flume was 5206.74. Therefore, the spillway invert had to
below this elevation for drainage purposes. Other constraints included not
impagting axisting power lines nor getting too close to Lake Mary to induce
seepage from Lake Mary into the spillway.

8.7.%., Bpiliway Configuration. Several combinatione of sizes and
slopes of spillway were tried including combinations of widths. However, it
wag found that a constant 100 foot wide spillway with slope of 0.001 would
provide the best combination of parameters to meet the constraintes and
criteria mentionad above. Minor grading is all that is required downatream of
C-gtreat. There ig an old stock dam embankment located ahout 300 feet
downstream of C-street that must be removed, For this analysis, it waa
assumed this embankment would be breeched to a width of 150 feet. Arsenal
personnel had previously indicated this would be removed under separate
contract as part of a remediation project. There i alsg an area near the
natural valley section where the side hill abuts C-street. It was assumed
this would be excavated to at least a 75 foot width. Rdditionally an old
access road tiss into C-strest immediately downstream of where the proposed
spillway alignment cross C-street, This road embankment must be removed.

The elevation of C-street was assumed to be at 5206.0 for the width of
the spillway (100-feet). The right gide of the spillway cressing of C-street
will require a bexm height of about 3 feet to contain the spillway flowe as
they cross C-street. The spillway will have a 0.001 slope from C-streat
upstream to the crest except at the location of the drop structures. The
assumed n-value for the spillway channel was n=0.030. The spillway was
designed for a peak discharge of 2350 cfs. Velocities in the epillway
{exclusive of the rock drops) rangs from less than 4 fps for discharges less
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than 1000 «fs to less than 6 fps for discharges up to the deeign discharge.
See figure 7 in Appendix B for the spillway velocity profile upstream of C-
street. The velecities for the dasign discharge of 2350 cfs approach the
maximum permissible velogity for a grass line channel in eilty sand material.
However, it is cost prohibitive to protect against all erosion egpecially for
extremely remote events., In addition, the duration of flows at the peak
discharge with upstream dam failure is less than l-hour. Flow durations range
from about 2-hours for discharges above 2000 c¢fs te a little over 4 hours for
a discharge exceeding 1000 cfs with upstream dam failure, Reference the
outflow hydrograph on figure 1 in Appendix B for flow durations. Therefore,
the erosion resistance of the ppillway is satisfactory assuming the channel
bacomes vegetated, It is recommended that the Arsenal irrigate the spillway
and cutlet channels and side slopes for one year follewing constructien to
ensure a good grass cover and to prevent rill erosion on the side slopes as
was experienced with the original spillway. The epillway rating curve is
shown on figure 8 in Appendix B. Computed water surface profiles for the
wpillway are shown on figure 9 of Appendix B.

8.7.3. Low Haad Drop Structures

8.7.3.1. Hydvaulie Design. This spillway design
alternative utilizes the same trapezoidal shape of the spillway described in
section B.5.1 except that three grade control structures are incorporated for
grade control. Several drop heights and combinations of drop heights were
investigated. The final design resulted in two S-foot high and one 4.5 foot
highsloping rock styuctures. The 14.5 feet of drop taken out by the drop
structures ie required to ensure a non-erosive gpillway slope between the
Btructures. At O-street, the downstream embankment of the road will be
armored with riprap and function as a fourth sloping rock drop. The height of
drop at C-street will be about B feet, At C-street, the drop height iz less
and the slope is flatter than currently exists. Some erosion iz expected to
occur downgtream of C-street but this is assumed to be the natural channel
beyond that point.

The rock struatures consigt of a 15-foot flat crest. Downstream of the
crest, the structure slopes at a 1V on 10H longitudinal slope. The large rock
then continues for another 15 feet downatream of the toe of the drop. The
rock is placed a minimum of 4-feet up the side slopes. As water passes down
the sloping drop styucture the velocities accslerate. Computations to
determine the logation of the hydraulic jump, maximum velocities and length of
hydraulic jump were performed. The maximm velocity occurred at the design
discharge of 2350 cfa. The peak velocity determined for all three structures
wag 14.7 fps. Using ISBASH turbulent flow criteria in HDC 712-1 for mizing
the rock resulted in a rock layer thickness of 54-inches. The length of the
hydraulic jump was the basis for extending the riprap protection 15 feet
downstream from the toe of each drop structure. The plan and profile of the
spillway drop structures are shown in the construction drawings. The riprap
gradation required for the sloping rock drop structures is as follows:

¥ lighter Limits of
by weight Stone weight
in pounds
140 7873 3149
50 2335 157%
15 1l6n 492

Due to the large rock size, it ie recommended that a layer of spalls or 12-
inch riprap be utilized in conjunction with the bedding layer.

8.8. Box Culvart Design.

8.8,1. Hydraulic Design. To ¢onvey low flows and outlet works
discharges through C-street without resulting in closure of C-street every
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time the outlet works flows, provisions were made to provide limited drainage
underneath C-street, A 6 ft wide by 3 ft high reinforced concrete structure
ls required at ¢ Street to convey the outlet works diecharges downstrsam.
These structures would require a drop inlet to allow spillway flows of up to
120 ¢fs from the ocutlet worke channel to pass under the road embankment before
overtepping of the road embankment would occur. This structure gsize is based
on a road embankment that is elavated above the invert of the emergency
8pillway. A low flow channel will be placed in the spillway to convey the
outlet worka flows through the spillway into the box eulvert. The culvert
nize was baged on not impacting the water line on the downatream gide of C-
street and still passing the outlet works dischatge through the culvert, The
construction drawings provides profile views of this road structure.

8.8.2. Structural Design. The low flow structure as shown on
sheet 16 conasist of a concrete box culvert either vast-in-place or precast and
shall have a concrete drop inlet structure at the intake end and a headwall
apron structure at the exit end. The inlet structure shall consist of a 21 ft
long by 9 ft wide concrete structure with side walls sloping from the top of
the box culvert down to a 2 ft high drop at the upstream end. The headwall
apron structure shall consiest of a 30° flared wingwall concrete outlet
Structure with apron. The low flow structure hag been designed in accordance
with the loading conditions and eriteria as shown in Appendix C.

9. Cost Aumlyais., A construction cost estimate was compleced for the
rehabilitation of Ladora Dam. The cost estimate reflectas the assumptions sat

forth in this Design Analysis Report and the construction drawings. Two cost™

estimates, which are presentsd in Appendix D in detail, were brepared in order
to compare the spillway alternatives., The cost estimates are pummarized
below:

Alternative: Cost Eptimate:

1. Rehab Lake Ladora Dam
with Spiliway Alt. no. 1 $ 1,786,472

2. Rehab Lake Ladora Dam
with Spillway Alt. no. 2 § 1,258,637
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A. OGeotechnical Design. This section covers the design assumptions,
camputgtions. and details of the new embankment design discusged in the Deasign
Analysis report., ‘Tthe tew embankment was analyzed for the following potential
problems: 1) meepage and piping 2} settlement and 3) slope stability.

A.1 Dasign Assumptions. The following dewign assumptions and values
were made based on the field investigationa and laboratory testing during
installation of the piezometers in July 1854,

) Geotechnical Strength Parametars. The following parameters were
estimated based on material type & gradation, lab test regulta of atterberqg
limita, along with the SPT's results:

Soil Type: sandy clay and ailty sand (SC-5M)
Saturated unit weight = 120 lb/cu.ft.

Angle of internal friction(®) = 3p0
Allowable bearing pressure = 2,000 1b/s¢g.fE.

) Hydzaulic Conduetivity: Saturated permeability ox hydraulic
conducglvity {K;} can be estimated for a compacted state using Hazen's method
given in EM 1110-2-1506 for the D,, size of a clean sand material.

Dy, = O,06mm = 0.0006 cm
K, = 100 D% = 100 (0.0006em)? = 4 x 10 em/sec

The hydraulic conductivity of the existing in-place embankment material was
estimated using the piezometer data and the Seep2D vomputer model. The
piezometers are believed to be adeguately meaguring the phreatic surface and
head loes through the embankment. This data including piezometer data,
obgerved for a constant reservoir elevation, was used in the Seep2D computer
model to estimate the in-situ hydraulic conductivity existing within the dam
embankment. This was done in a trial and error fashion by adjuating the
vertical and horizontal conductivity and using a typical ratio for {(BC-5M)
soils of K./K, between 5 and 10 until the flownet watched the measured
phreatic surface. The values obtained for the in-mitu horizontal and vertical
hydraulie conductivity for the existing embankment are shown below. See the
gseepage analysis for the existing embankment for more detail.

Ky = 8 x 10" em/gec

Ky = 1 x 107 om/s

Ke= 5 X% ,
From, knowing that the exipting dam ig in a loosze density state (low SPT blow
counts), it can be reagonably assumed that K for a well compacted dam will

have a much lower value for the same soil materials. The Hazen value is a
better eptimate of K, for the nevw embankment . Therefore, the following values

were selected:
Random Fill: Ky, = 2.5 X 104 enmfs
K, = 5 x 10" cm/8
= BX,
Clay Core: 2.5 x 10 om/s

= 5 x 1077 cn/s

5Ky

g8 £
|



Foundation:

¥, = § x 107 en/s
Ky = 3 x 107 cm/ s

Ky = 5Ky



A.2 Sespage/Piping Design. The secpage condition was evaluated for
determining 1) uplift gradients along the toe of the dam, 2) the location of
the phreatic surface through the dam and the exit point, 3) pore preseures,
and 4) seepage quantitiss using the design lake level elevation. ' To improve
the estimate of these parameters, data from two lines of piegometers (seepage
pipeg) were gathered, The following gectechnical information and data was
oEt;xged dgring the field installation and monitoring of the five piezometers
at Ladora Dam.

The results of the Seep2D analysis are as follows:
Seepage flowrate:

Discharge {Q) @ Spillway Crest Elev. - 5222.8 ft. = 40.5 Cu.Ft./day
Discharge (@) @ 100-Yr flood Blev, - §227.6 ft. = 75.6 Cu.Ft./day

Uplift Exit Gradient: i, = 0.72 @ Reservoir Elev. = 5237.6 £t.

ib

49,6 =
iczalgm_ﬂilo.ﬂ

Yo §2.4-282

yd?

i 0.8 -
Fom_Sloti_ u],
A S 32 S

The results of this analysis show that the existing embankment exhibits a high
geapage rate of 75.6 Cu.Ft./day and a low factor of safety for uplift (1.11)
for a msarthen dam of its height and gize. Therefore a blanket/foundation
drain is recommended to be designed to bath intexcept foundation seepage and
to increase the factor of safety for piping of the foundation. A clay core
and cutoff trench is required to reduce the relative high guantity of the
peepage and increase the headloss of the embankment and foundation seepage.

The drainage system shall be placed just into the foundaticn between the
foundation soile and the embankment £ill in elevation. In plan, the drain
should be .placed downstream of the clay cove of the dam. '

A SEEP2D analysis was prepared for the new smbankment comparing the
effectivness of the clay core, cutoff trench, and drainage blanket. The
results indicate that all these measuxes are needed to control sespage and to
vaise the factor of safety for uplift to 1.5.
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A.2 Sespuge/Piping Design., The seepage condition was evaluated for
determining 1) uplift gradients along the toe of the dam, 2} the location of the
phreatic surface through the dam and the exit point, 3) pore pressures, and 4)
seepage quantities using the design lake level elevation. To improve the
estimate of these parameters, data from two lines of piezometers (Beepage pipes)
wore gatherad. The following geotachnical informatipn and data was obtained
during the field installation and monitoring of the five piezometers at Ladora
Dam,

The results of the Seep2D analysis are as follows:
Seepage flowrate:

Discharge(Q) @ Spillway Crest Elav, - 5222.8 ft. » 40.5 Cu.Ft./day
Discharge (Q) @ Dam Crest Elev. - 5227.6 £ft. = 75.8 Cu.Pt./day

Uplift Exit Gradient: i, = 0.72 @ Regervoir Elev, « 5227.6 ft.

45 .6 42

* ]
i_crzk:m_%gb_ =0.8

Yo §2.4-22.

yd?

der 0,8
LR PR
Fs 0.73 11

The results of this analysis show that the existing embankment exhibita a high
seepage rate of 75.6 Cu.Fk,/day and a low factor of safety for uplift (1.11) for
a earthen dam of its height and size. Therefore a blanket/foundation drain is
_recommended to be designed to both intercept foundation seepage and to increase
the factor of safety for piping of the foundation. A clay core amd cutoff trench
ig regquired to reduce the relative high gquantity of the seepage and increasie the
headloss of the embankment and foundation seepage.

The drainage system shall be placed <4ust into the foundation between the
foundation scils and the embankment £i11 in elevatioa. In plan the drain should
be placed downstream of the clay core of the dam,
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MROED-HE (SMCRM-ISF-E/9 Mar 87) lst End Clemetson/plf/FIS 864-4580

SUBJECT: Additional Storm Drainage Waters onto Rocky Mountain Arsenal Property .

DA, Omaha District, Corps of Englneers, 1612 U.S. Post Office and Courthouse
Omaha, Nebraska 681024978 24 March 1987

TO: Commander, Rocky Mountain Arsenal, ATTN: SMCRM~ISF~E, Commerce City, Co.
80022-2180

1. This is in response to your letter dated 9 March 1987, subject as above.

We have included additional information beyond your request, whieh we hope
will assist you in your response to the letter from the City and County of
Denver. ,

2. fThe Omaha District of the U.3. Army Coxrps of Engineers has, in the past
few years, evaluated surface runoff conditions in the watersheds located on
and upstream £from the ' Rocky Mountain Arsenal (RMA). These hydrologic
evaluations have included investigations of existing and future conditions
with various levels of urbanized development in the upstream watersheds. Our
evaluations are documented in the following reports:

a) “Evaluation of the Existing and Future Flood Potential on the Rocky
Mountain Arsenal” — report, March 1983.

b) "The Effect of the Parkfield Development on Flood Characteristics of
the Rocky Mountain Arsenal” - report, Juone 1983.

¢) "Dam Inspection Report — Rocky Mountain Arsenal” - series of 9
reports, July 1983. '

d) “Hydrology for Rocky Mountain Arsenal Lower Derby Dam Spillway Rehab”
report, June 1985. :

e) "Additional Hydrologic Data Report - Lower Derby Dam” - report,
January 1986.

£f) "Review aﬁd Assessment of Proposed Denver Residential Development -~
Upland Filing No. 17 — letter to Commander RMA, 9 July 1986.

3. These studies have shown that the potential for flooding in the Trondale
Gulch basin is eminent, with ageociated flood hazards being serious even under
existing conditions. Although our studies evaluate flooding under
hypothetical scenarios, it has been demonstrated under prototype conditions
that the flood threat in the Irondale Gulch basin is real. This was evidenced
in May 1973 when Upper Derby Dam was overtopped by flooding conditlons and
subsequently failed. Consequently, Lower Derby Dam was overtopped, but
fortunately, did not fail. TIf it had failed, the resulting flood damages
could have been catastrophic. As you are well aware, there has been
additional development in the Irondale Gulch basin since 1973. If the same
storm that occurred in May 1973 reoccurred under current development
conditions, the flooding potential on the RMA could be significantly greater.
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4. In the Irondale Gulch basin, surface runoff from upstream areas enters the
RMA via three primary drainage channels. These include the Highline Lateral,
the Uvalda Street Interceptor, and the Havanna Street Interceptor. Total
dralnage area of the Irondale Guleh basin upstream from the RMA is about 11.5
gquare miles. As of 1982, approximately 32 percent of the Irondale Gulch
basin had been developed. The majority of the undeveloped areas lie in the
basins that drain into the Highline Lateral and the Uvalda Street Interceptor,
which convey waters into the Derby Lakes on the RMA. The Derby Dams and Lakes
are for water supply purposes only and were not designed to store or bypass
flood runoff. Consequently, under current urbanized conditions, their
splllway capacities are grossly inadequate. Any additional development in the

upstream areas which would cause an increase in the volume of runoff would

increase the existing flood threat and increase the risk of potential dam
failure(s) on the RMA.

5. Although our assessments of individual proposed developments (i.e.
Parkfield and Upland) indicated that the effects of each development on
flooding characteristies at the RMA is minimal, comsideration should be given
to the cumulative effect of other developments in the Irondale Gulch basin
upstream of the RMA. Previous Corps studies indicate that development of the
entire Irondale Gulch basin upstream of the RMA would increase the once in
100-year flood runoff volume into the Derby Lakes by about 60 percent. For
more frequent events, the percentage iIncrease in runoff volume is even
greater. Considering the present inadequate spillway capacity of the Derhy
Lakes, this could result in a much more serious problem,

6. Based on the 1982 level of development, significant runoff could enter the
RMA via the Highline Lateral during storms with frequencies less that once in
5 years, depending on antecedent moisture conditions. This 18 equivalent to a
storm total point-rainfall of about 1.3 inches in one hour, 2 inches in 6
hours or 2.6 inches in 24 hours. Significant runoff is defined for purposes
here as the discharge which exceeds the channel capaclty. With additional
development upstream, storms more frequent than once in 2 years could result
in significant runoff. A storm of this frequency is approximately 0.8 inches
in one hour, 1.3 inches in 6 hours, or 2 inches in 24 hours.

7. It is our understanding that current'regulations in the Denver area only
require developers to provide enough detention storage in thelr development so
that the peak runoff rate for a storm with a frequency of once in 100 years
will not exceed the rate for historic {undeveloped) conditions. Although
other drainage criteria may be proposed, we are not aware that they are
currently required in the Denver area. Developer's may argue that because of
the 100-year peak discharge requirement, they will not increase the flood
threat to the RMA. This statement is entirely false, since the critical
factor affecting the flood threat to the RMA dams located in the Trondale
Gulch basin is the total runoff volume and not the peak discharge rate.
Therefore, unless total retention stovage 1s proposed as part of the
development, additional development in the Irondale Gulch basin upstream from
RMA will increase the risk of dam failure. Although the increased runoff due
to an individual development may be considered minimal, the increased runoff
due to several developments collectively would be considered significant.




MROED-HE (SMCRM~ISF-~E/9 Mar 87) lst End Clemetson/plf/FTS 864~4580
SUBJECT: Additional Storm Drainage Waters onto Rocky Mountain Arsenal Property

*

8. Because " of interest being expressed In the past few years by several
developers to convey thelr storm drainage onto the RMA and the desires of the
Department of Public Works to cooperate with the RMA without restricting all
upstream development, the following recommendations are made - for your
consideration: ' '

a) Develop a comprehensive plan which would allow development upstream of
the RMA and protect the RMA interests, It is recommended that this plan be an

-effort invelving the city and county of Denver and the Urban Drainage and

Flood Control District.

b) In the meantime, require all new upstream development to include
sufficient storage for total retention of any increased runoff due to the new
development. If this 1s acceptable to the developer, the plans should be
submitted for review by our office.

9. If you have any questions regarding this information, please contact Doug

Clemetson at FTS 864-4580.
A 8%5 |
. s { .

EDWARD W. SIZEMORE, P.E.
Chief, Hydrologic Engineering Branch
Engineering Division

FOR THE COMMANDER:

CF:
MROED-MF (Williams)
MBOOP~N




DEPARTMENT OF THE ARMY

ROCKY MOUNTAIN ARSENAL
COMMERGE CITY, COLORADC 80022-2180

§: 23 March 1987
SMCRM~ISF-E . J . 9 March 1987

SUBJECT: Additional Storm Drainage Waters onto Rocky Mountain Arsemal
Property

U.5. Army Corps of Engineers
6014 USPO & Courthouse

ATTN: MROOP-N {Mr. John Morton)
215 N. 17th Street

Omaha, NE 68102-4978

1. Reference letter, City & County of Denver, 2 Marl87, SAE (Encl 1).

2. Request you furnish Rocky Mountain Arsenal (RMA) informatiom as to the
size precipitation event which would be sufficient to allow water to enter
RMA via Irondale Gulch.

3. Request you furnish Rocky Mountain Arsenal information as to the size
precipitation event occurring in an undeveloped scenario to allow water to
enter RMA via Irondale Gulch,

4. Request information NLT COB 23 March 1987 to enable us to make a timely
response to City & County of Denver.

5.. POC for this action is Lloyd B. Howe, FTS 330-1167.
6. BMA - Providing Scldiers the Decisive Ldge.

FOR THE COMMANDER:

e

Encl o DAVID L. HEIM
Director, Installation Services

tai~Sih

. o
TE g o AR fep ¥

AT Y



Y

e

=T

CITY AND COUNTY OF DENVER

DEPARTMENT OF PUBLIC WORKS ‘ OEFICE OF THE MANAGER
e ~ CITY AND COUNTY BLDG.
FEDERICO PENA DENVER, COLORADO 80202

Mayoi

March 2, 1987

Lt. Colonel Craig M. Dexter
Commanding Officer

Rocky Mountain Arsenal
Commerce City, Colorade 80022

‘Re: ‘Impacts,of'Add1tiona1 Storm Drainage Waters onto Arsena]'Proﬁerty

Dear Colonel Dexter: o : ' a L

. Our Wastewater Management _Division has proven itself to be quite
. -successful in keeping upstream landowners from developing their properties
“in such a manner as to increase peak storm drainage flows so as te cause
damage -to-downstiream landowners. Although. we view this as primarily being
a common law relationship between landowners, our experienced engineers
who oversee development and resulting storm drainage patterns diligently
attempt to prevent major problems. However, whenever development occurs,
some Increase in total volume of storm waters must necessarily follow.

In the last two months, we have been advised orally that the Arsenal will
not accept additional volumes of water, as a general matter, from upstream
developments. The consequences of ignoring the Arsenal's wishes in this
regard would presumably be some sort of legal action involving the cost of
treating contaminated water from Arsenal property. '

If all development which 1lies within drainage basins leading to Arseral.
property is to be halted or even subjected ta the Army's pro-approval,
the consequences could be staggering. To the extent possible, of course,
we will seek to cooperate in achieving your needs without even questicning
your authority to make such requests. However, in order to make raticnal
decisions 1in response to current and near-future requests regarding
deyelopments, we need 2 clearer statement of your position. Please advise
us as to whether or. not the Arsemal is requesting that all ‘upstream
development, regardless of size or distance from Arsenal property, be
either halted or pre-approved for some period of time.

Your response in the very near future would be greatly appreciated.
Without hearing from. you in the next thirty days, we will have to assume
that we may continue developmert and drainage decizions with only the
normal restraints and considerations. This would not apply to the
Chambers Tower Filing No. 1 development, of which your engineers have

expressed specific disapproval as currently nropesed. .o
- t [




Lt. Colonel Dexter

Page 2
March 2, 1987

Thank you for your assistance in ctarifying the situation for us.

Sihcere1y; _
ohn $. Mrozek

Manager _
Department of Pyblic Works -

cc: George C. Rupert, Wasiewater Management Division
‘Steven J. Coon, Assistant City Attorney




ADDITIONAL HYDROLOGIC DATA REPORT

Lower Derby Dam
Rocky Mountain Arsenal

' Background. In the original sizing of the new spillway, a risk analysis was

performed on'ﬁhe dam with the risk center being the non-federal land located

downstream from the northwest boundary of Rocky Mountain Arsenal as was detailed

in the preﬁious report dated October 9, 1985, As the previous report stated,

for inflows greater than 140% of the SFPF, whether or not Lower Derby Dam fails

or holds does not have a significant impact onlthe water surface level downstream
at this location. This is due to the rela£ively lafge volﬁmerof ronoff at 6400
acre-feaet due to a 1407 SPF storm over the entire basin (6.48 inches .of rumnoff
ovér 18.5 square ﬁiles) as compared to the relatively small combined_Storage
volumes at Upper and Lower Derby dams of 1075 acre—feet. Thus, for minimum

standards, the spillway was designed to safely pass the 140% SPF inflow hydrograph

‘which would have a peak of 10,100 cfs and also at least 1 foot of freeboard.

Based on our preliminary-geotechnical‘analysis, a spiliway ﬁith a bottom width
of 275 feet and a 1 foot raise in the top of dam ﬁas'the optimum configuration.
It would have 2 feet of freeboard at 140% SPT or a 1 foot freeboard of 170% SPF
as shown on Plate 2, Bince the-St;te only requires 1 tfoot of freeboard, the

inflow design flood selected for this study was 170% of the SFPF, which has an

inflow peak of 12,400 cubic feet per second.

New Studies. Additional conditions of developmént and no development on the
Rocky Mountain Arsenal were required by the State of Colorado to evaluate
potential liabilities associated with property damage or loss of 1life. The
three conditions required to make these evaluations are listed below:

a. Routings of 170% SPF. with no dams in the basin.

b. Routings of 170% SPF with 275 feet spillway on Lower Derby with
no failure of Lower Derby.




J [
¢. HRoutings of 170% SPF with 275 feet spillway on Lower
Derby with Lower Derby failing when the water level

in the reservoir is within one foot of the top of
embankment .

An analysis was made of the water surface level at three cross sections
downstream from the RMA northwest boundary for each condition, assuging an
eventual failure of the Burlington Northern Railroad embankment in eacﬁ case.

The routings were performed using HEC-1 to route the flow until it
reached the BNR railroad embankment at the northwest boundary of RMA. The
flow was then split, with part of the flow assumed to go parallel' to the
embaﬂkment in the north easterly direction, while the remainder of the .flow
was assumed'to overtop and fail the BNR railroad embarlment. .The embankment
was assumed to havé a final failure bottom width of7100 feet with 1 on 1
sideslopes and required 20 minutes to form. The failure hydrogrephs for the
thrée foutings conditions are shown on Plate 3. The volume of water resulting
from the failure of the railroad embankment for the three conditioﬁs listed
sbove are 2290 Acre-feet, 2540 Acre-feet and 2970 Acre-feet respectively. The
hydrographs were inserted into a MRD~ngdera routing model of the area
downgtream of Fhe~BNH railroad embankment to determine the pesnk discharg&s and
stages for three different 16cations,Asections 10.00, 9.62, and B.82 which are
listed below for each condition: | —

Section 10.00

Peak Discharge Peak Stage
(cfs) (MSL) ___ Condition
9855 5133.8 170x SPF - Lower Derby fails
9624 §133.6 - 170x% SPF — No dams in basin
8847 5133.3 170x SPF - Lower Derby holds

Section 9.62

T T e A STt

8747

Peak Discharge Peak Stage
(cfs) ___(MSL) Condition
9728 5131.2 170% SPF - Lower Derby fails
9357 5131.1 170% SPF - No dams in basin
5130.9 170x% SPF ~ Lower Derby holds




Section 8.82

Peak Discharge Peak.Stage Condition
(cfs) - (MSL)
9675 ' 5121.0 170% SPF ~ Lower Derby fails
9260 5120.9 . 170% SPF - No dams in basin
8690 5120.9 170% SPF - Lower Derby bolds

Rating tables wﬁich include the effects of backwater condition'have been

- developed from the output at the Harders model and are shown on Plates 4, 5,
and 6. |

'As the above data indicatés, there is minimal difference in water surface
1evelé for the three conditions. To put this into perspective, as defined
by the State of Colorado, the potential liability of propetrty &amages would
be the difference in ﬁate; surface elevations downstream had the dam not been
constructed and if the rehabilitatéd dam would fail at maximum pool. The
largest différeﬁce in water surface level for this condition would only be
‘0.2 foot.

Also, defined by the State of Colorado, the liability for loss of life is
the difference in water surface elevatlons downstream with the rehabilitated
dan safely pasging the spillway design flood versus failure of this dam
at'maximum,pool during the same event. For this condltion the maximum
difference would be only 0.5 foot.

From these results we éan conclude that the spillway rehabilitation project with
a spillway of 275-foot boﬁtcm width would cause an insignificant amoQﬁt of

additional liability on downstrean locations.
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Eneleswz 3

MROED-IE . ‘ 24 June 1985

SUBJECT: Repair and Maintenance of lower Derby Dam -~ Rocky Mountain Arsenal

Cammander

“Rocky Mountain Arsenal

ATTN: SMCRiI-ISF (Mr, Jim Green)
Commerce City, Colorado 80022-218%

1. 'rReference our letter of 24 April 1985. We have completed our hydroloeic
analysis as discussed in that letter, and two copies of the report are
enclosed sc that one copy can be forwarded 6 the State of Colorado,
Department of Water Resources, for their review and approval,

2. We have recommahded an emergenc‘y spillway that has a 275-foot bottom width
with a crest elevation set at elevation 5247.,2Z2, Its shape is traperzoidal,
having 1 on 3 side slopes. The design was based on routing l4¢ percent of the
standard project flood for future urbanized condition through Lower Derby Lake
without increasing the maximur lake level zbove elevation 5253.9 which is 1
foot below the top of the dam. The deviation from using the PMF flood for the
design as indicated in our last letter was based on a risk analysis which is

discussed in the report. Our estimated cost for the excavation of this new

szillyay is about $662,000; this compares to just over $500,088¢ included in
our preliminary estimate of the total cost of the project wh1ch was- enclosed
in our 1ast letter to you.

3. he will proceed with our final design effort as soon as we recejive
notification that your office and the state of Colorado have approved the
hydrolegic design. If there are any questions, call Fike Kelly at TS 854-
3229 or Wally Stern at 864—4582.

FOR THE COMMANDER:

Encls . ' T. R. KELL, P,E.
: Chief, Engineering Division

CF: w/o encls
MROED-A
MROED~D
MROED-GB
MROED-GE
MROED-HD
MROED-MF
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HYDROLOGY FOR |
Rocky Mountain Arsenal
Lower Derby Dam Spillway REHAB

Introduction. This report presents the results of the hydrologic analysis
that was prepared to upgrade Lower 'Del-:by Dam to a hydrologically safe dam,
This study was made in response to a request from the Rocky Mountain Arsenal
Command . _ | _
Location, Lower Derby Dam is iodated in the southwest 1/4 of Section 1,
Township 3 South, Range 67 West, inside of Rocky Mountain Arsenal (RMA) in
2Adams County, Colorado and is coﬁsideréd a high hazard dam,

Lower Derby Dam drains a portion of the Irondale Gulch drainage basin,

Dam Crest = 5253.4 M.S.L. = staff gage of 23,2'

Drainage Area = 9,69 square miles |

A map of t_he' drainage basin is shown on plate 1,

Geology. The bedrock in the RMA area is the Laramie Formation which consists

‘of poorly indurated gray, silty and séndy clay, and brown to gray silty, -

claye‘y fine sand that is geneialiy impervious. The bedrock within the RMA -

slopés- from southeast to northwest and is cut by numerous buried channels and

gullies. The overburden material is comprised predominantly of alluvial sands '

and gravelé interbedded ﬁith discontinuous silt and clay layers.. These
alluvial deposits are 10 to 3¢ feet thick over most of the RMA area. h
Topography and Vegetative Cover. The topography of Irondale Gulch consists of
undulating ground with low rélling hills, Vegetation consists mainly of short
and tall grasses with some scattered trees along the 1akes. and a_ldng the
channels and in certain low areas.

‘Rainfall and Runoff. The hydrolégic design for Lower Derby Dam was developed
for the present degree of land development and for a projected future degree

of land development. The future conditions involve a general degree of




develoément in the area east of Montbello, The general area was estimated to

be 40 percent impervious., The hydrologic design involved using two types of

rainfall, a 26" - 6 hour Probable Maximum Precipitation (PMP) based on

Hydrometeorological Report No, 55; énd an 8" ~ 6 hour Standard Project Storm

{8PS) based on Engineering Bulletin 52-8. Given below are the inches of

runoff and volume of runoff for present and future conditions for both storms.
Table 1 |

- Rainfall ~ Runoff

Inches of Runoff volume of Runoff. (acre-ft)
SPF-Stom |
Present Conditions 3,57 1,840
Future Conditions 4.63 2,399
1.4 X SPF | |
* present Conditions 5,00 2,589
- FPuture Conditions . 6.48 3,350
PMF=Storm | |
Present Conditions 21,74 - 11,230
Future Conditions - . 23,094 & 11,900

Flood Routings. Inflow hydrographs for Irondale Gulch were developed from the

Environmentai Protection Agency's Storm Water Management Model (SWMM). Inflovi_'
to Lowex Derby includes the outflow :Ei:om Upper Derby as it o{rertopped'and was
" assumed to f£ail. The hydrographs were routed through the reservoir and then
routed downstream through Ladora Lake, bake Mary, ponding formed behind the
‘rai-lroad embankment immediately downstream, and pending formed behind the
Burlington Northern Railroad embankment at the northwest corner of the
aresenal., Outflows would pond behir.:d the BNR embankment until it would even-

tually fail. A rectangular flood plain channel of 368 ft. width, a slope of
the embankment. The depth of flow for the channel was calculated for the peak

2




discharges due to various spillway sizes for Lower Derby. The velocity times
depth and depths were calculated for a range of rat_ios of the Probable Maximum
Flood (PMF) runoff and Standard Project Flood (SPF) runeoff and are shown on
Plates 2, 3, and 4. '

A Risk Analysis. The selected design flood to upgrade Lower Derby Dam from
unsafe to safe was ma-de on the basis of a risk analysis. The damage center

' for this analysis was downstream of the Northwest RMA Boundary as shown by the

‘general flood outline in red on Plate 1. Plates 2, 3, and 4 displ'ay the:

information that was used to analyse the potential damage from a hydraulic
standpeint rather than an actual dollar figure, Since all significant £lood

events in this area create velocity times depth values in excess of 8,

incremental flood depth alone was selected as the key parameter for making

incremental da'mage compari‘sons. I't.',wa's assumed that a difference in flood
depths of less than 1 foot would not cause a major change in damages. On the
basis of our analyms of w1th and w1thout the spillway rehabilitation project,
_a difference larger than 1 foot occurred ‘when _an event smaller than 140
percerit of the future SPF.was considered. This relafi:ianéhip is shown on plate
3. Therefore the future SE}F as shown on pléte 5 was selected as the d_esign
storm for determining the spillwéy size to make Lower Derby a safe project.
. The e'xi'sting.'SPF is also shown for comparison purposes. o

Spillway Dééign. Several iterations of routings of the future SPF, were made
through Lower Derby Reservoir using a spillway crest elevation of 5247.2 and
various spillway widths to determine what size would be réqi:i):ed to provide 1
foot of freeboard with a the Design flood. The results of thése studies
showed that a spillway with a 275-foot bottom width would provide the
necessary freeboard with é'top of dam eievatidn of .5233.9, The area~capacity

curve and the 275-foot rating curve are shown in Tables 2 and 3.




A 1-foot high fuse plug will be used in the spillway to prevent its
frequent use as the design spillway crest has been set at normal pool level,
‘This 1-foot fuse plug will provide 7¢ acre feet of storage or about 4.4 inches
‘of runoff from the 19¢ acre local inflow below Upper Derby Lake.
Table 2

Lower Derby Reservoir
Area - Capacity Table

Elev, (msl) Blev. (Staff Gage) Area (Acres) Capacity (pc-ft)
5231.25 @.8 B )
5232.08. . 1.8 4 5
5233.0 2.8 9 1@
5234.,0 3.8 17 28
5235.0 4.8 22 36

~5236.8 5.8 27 50
5237.0 . 6.8 32 70
. 5238.0¢ 7.8 37 100
5239.¢ B.8 41 1308
5240.0 9.8 45 1606
5241.40 19,8 5@ 20
. 5242.0 11.8 53 250
5243.0¢ 12,8 56 300
5244.0 13,8 62 350
5245.0 14,8 66 420
'5246.0 15.8 79 490
5247.0 16.8 73 568
Spillway Crest .
5247.2 17.0 74 580
5248.0 17.8 77 640
5249.0 18.8 81 718
52508.0 19.8 85 809
5251.0 26,8 89 870
5252.0 21.8 93 : 979 .
5253.0 22.8 96 1058

Top of Dam .

5253.9 23.7 99 1138
5254.0 23.8 169 1149
5255.0 24,8

103 ' 1230




Staff Gauge (ft)

Table 3

275" spillway Rating

Spillway Crest

Top

17.0
18.¢
19.0-
2¢.8°
2.8

23.0
of Dam
23.7

. Discharge (cfs)

480
1456
2590
4210
5939
8156

9764
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DEPARTMENT OF THE ARMY
QMAHA DISTRICT, CORPS OF ENGINEERS
1612 U.S. POST OFFICE AND COURTHOUSE

OMAHA, NEBRASKA €8102-4978

REPLY TO
ATTENTION OF

MROED-GE ' . : ' 12 February 1987

SUBJECT: ~Rehab Lower Derby Dam

,,/
¥ G 55

Conmander, Rocky Mountain Arsenal
ATTN: SMCRM-ISF (Mr. Jim Green)
Commerce City, Colorade  80022-2180

1. We have completed incorporating Rocky Mountain Arsenal and Missouri River
Division review comments into the plans and specifications for rehabilitating
Lower Derby Dam. Enclosed are 10 sets of plans and specifications (Enclosure 1)

.- as requested to accompany your DD Form 1391, to provide to the State of Colorado

for their review, and for your review. In ordet to meet our project schedule,
we would appreciate it if final State and RMA comments.be received by this
office no later than 6 March 1987. Construction is currently scheduled for the
period of approximately July through November 1987. Sets of final contract
plans and specifications which had been approved by all required offices will be
distributed at the time of project advertising.

2. hs,in&icated during past conversationg with your office, RMA will prepare DD

Form 1391 in order to obtain technical and administrative approval for funding

this project. Enclosed is a Current Working Estimate (Enclosure 2) dated
9 February 1987 for assistance in completing this form. A final contract
estlmate w111 be completed at the time of prOJect a&vertlslng -

. As has been requested by your office, the Omaha Dlstrlct will advertise for
construction and provide construction management for this project. Rehab Lower
Derby Dam advertising date is currently scheduled for 6 April 1987.

4.  TPersonnel from Omaha District, Engineering Divisiom, Geotechnical Branch,

 Monitoring and Evaluation Section will inspect the outlet works conduit and box

structure and also the manhole located on the embankment upon completion of
dewatering and clean out by the contractor. Omaha District Construction
Division will contagt Honitoring and Evaluation Section when dewatering and
clean out is accomplished. It is planned that the 1987 annual inspections of
Ladora Dam, Havanna Street Dam, and Lower Derby Dam will occur at this time when
Omaha District personnel are inspecting the items 1nd1cateﬁ above.




MROED-GE - ' ' 12 February 1987
SUBJECT: Rehab Lower Derby Dam

5. On 7 January 1987, Missouri River Division accepted our design comments and
 we were directed to proceed with finalization of the plans and specifications.
It was requested by Missouri River Division that your office be fully informned
that with the rehabilitation work as designed, the project will satisfy the
gtate of Colorado safety requirements but the project will not meet hydrologic
dam safety requirements for Corps owned projects. The Corps hydrologic criteria
for dams in this area of Colorado is the Probable Maximum Flood based on HMR
#55. - Our simple explanation for not using the PMF, as explained to Missouri
River Division, is that rehabilitation cests using the HMR $#55 criteria were
prohibitive. Since the State of Coloradoe has approval authority for the
proposed repairs and modifications of the project, it was agreed between this
office and the State Engineer's office to adopt the incremental damage procedure
described in the State's Dam Safety Branch Design Review Manual. '

6. It is emphasized here that the maximum pool level for Lower Derby Lake is
5247.2 ¥.S.L., which is the elevation of the base of the fuse plug. The lake
should not be kept or operated at a level where it would be up on the fuse plug,
between elevations 5247.2 and 5249.2. The purpose of constructing the fuse plug
across the inlet of the spillway is to provide reservoir storage behind the

fuse plug for small flood events, thereby preventing frequent use of the
gpillway. (The fuse plug is designed to wash out when overtopped by a large

spillway flow.) If the lake is kept ox operated at a level which is up on the fuse
plug, this would ‘defeat the purpose of the plug by eliminating the reservoir storage

required to prevent frequency spillway flows. Small spillway flows over the fuse
" plug will cause partial erosion of the plug, resulting in repair costs for
maintaining the fuse plug cross-section. Also, with the lake up on the fuse plug,
the plug will become saturated and cause erosion of the plug's pervious fill.

7. Any questidns regarding the distribution of funds should hé di;ectéd to Glen
“Mitchell of MROED-MF, extension 4508. Questions regarding technical or scheduling
matters should be directed to Dennis Gaare of MROED-GE, extension 3220.

FOR THE COMMANDER:

.2 Encls_ éi.iR. KELL, P.&7

Chief, Engineering Divi




Esztimate No. 16,813 ' 9 February 1987

Item
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Rehab Lower Derby Dam

Rocky Mountain Arsenal, Colorado

Unit Total
~ Description - -Quantity Unit Cost Cost
Clearing and Grubbing ' L.S. - '$ 35,500.00
‘Excavation 242,500  C.Y.  $2.82 $683,850. 00
Embankment 4,000 C.Y. $0.80 $ 3,200.00
Riprap _ 4,020 Ton $28.50 . $114,570.00
-Bedding Material - 2,800 Ton $27.00 $ 75,600.00
Crushed Rock Surfacing 1,400 Ton $15.00 $ 21,000.00
Topsoil 21,000 C.Y.  $3.00 $ 63,000.00
Seeding and Mulching 15 Acre  §1,000.00  $ 15,000.00
Drop Structure : _ L.8. $ 12,000.00
"D" St. Alteratioms - L.S. $ 58,577.00
Outlet Works Conduit -
and Channel Work . L,S. ] 1?,317ﬁ00
Fuse Plug = ' ' L.8. $ 9,500.00
Total Contract Cost | | $ 1,109,114.00
' 1550
Cost Growth (Sept 1987) 1518 ‘ $ 23,381.00
Bubtotal ’ $ 1,132,495.00
Contingencies 10% - . $  113,205.00
Subtotal K $.1,245,700.00
S&A 5.5% A $_ 68,500.00
Total Project Cost _ $ 1,314,200.00

Enclosure 2
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MRHEU-TF (M&DM&~A124 Jnn B6). 4th End ‘ Suobodalﬁrl73¢7
: su»ahc13 RehabiTitate Lover Derby Lake at Rocky Mountain Arsenal Lo

DA, h1ssuurt niver Division, Corps of Enginesrs, PO Dox 105,
Downtown Station, mnaha. NE 68101-0103 7 Janvary 1987

To: Cnmwanﬁer, ﬁmaha Bistrict ATTH: MROED

1. The resporises furnished fn the Brd Endorsenant regarding the rehabilita=
tion of lower Derby Dam are adeguate and you are directed to proceec with
finetization of the plans and specifications., Ve continue to emphasize that
the proposed alterations te lower Derby Dam will enly meet the State of
tolorado mintmun standards asswsing the spiliway fuse plug ervdes, This may
or may not happen even under the revised 15 ft. wide fuse plug section,

- therefore, intlusion of the 2 ft fuse plug as planneﬁ wi!t add a certain
ﬂﬂgTEE of risk of owertnpping of the projact. _ _ .

S Re You nre remindeé that even though the preject Wil satisfy State of

- Golorade safety requirements, the project does not and will not meet Corps
‘safety requirements, Our criteria for dams in this area of Colorado s the
PWF based on HMR 55, It ds requested that PMA be fully inforimed of the above
prior to prﬂceed&nn with the proposed medifica?ions. _

FOR THE COMMARDER: 7' o B o ; o

T o - WILLIAM P, TODSEN, P.E.

JROED-G . . - .. Chief, Engineering Bivis1én

MROED-H -

10
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MROED-GE (MRDMD-A/24 Jan 86) 3rd End Letak/bl/4447
SUBJECT: Rehabilitate Lower Derby Lake at Rocky Mountain Arsenal, €O

DA, Omaha District, Corps of Engineers, 1612 U. 5. Post office and Courthouse,
Omaha, NE 68102-4978 1 December 1986

70: Comménder, Hissburi River Division, ATTN: MRDED-TH

1. Reference 2nd Endorsenent,.dated & September 1986, subject same as above.

2. Responses to the submitted comménts are as follows:

- -a. The impacts of a L 7 !
shown in Table 1 below. The table shows peak reservoir levels in Lower Derby
and Ladora Lakes for a range

and the relative steepness of the embankment, _
y Dam would begin vhen the embankment is overtopped (Elev. .5255.0).

Lower Derb
Reservoir levels for Ladora lLake ave given assuming no failure of Ladora Dam;
hovever, failure -would most likely begin to occur when the enbankment is
overtopped. o 2 ' -
| TABLE 1
MAXTHUM RESERVOIR LEVELS FOR LOVER DERBY LAKE
- (ASSUMING FAILURE OF LOWER DERBY DAM BEGINS AT ELEV. 5§255)
__ NEW 275" SPILLWAY ON LOWER DERBY
| EXISTING | © ¥USE PLUG ERODES.  FUSE PLUG
|  SPILLWAY AT NO FUSE (INSTANTANEOUS DOES NOT -
YLOOD EVENT LOWER DERBY PLUG : __FAILURE) *33%, _ERODE
iOOfYElR' '5255.9 5251.1 §251.1 5252.9
SPY £255.9 : 5251.9 5252.1 5253.9
140% SPF 5255.9 - 5253.1 5253.1 5254.9
170% SPF £256.2 §253.9 ‘ 5254.0 5255.5

ower Derby Dam failure on downstreanm Ladora Lake are

; of flood events. Due to the embankment soil type
it was assumed that failure of



MROED-GE (MRDMD-A/24 Jan 86) 3rd End
SUBJECT: Rehahilitate Lower Derby Lake at Rocky Mountain Aresenal, CO

TABLE 1 ~ CONTINUED
MAXINUN RESERVOIR LEVELS FOR LADORA LAKE**

(ASSUNING O FAILURE OF LADORA DAN)
(TOP OF DAM - ELEV. 5225)

WEW_275°_SPILLWAY ON LOEER DERBY

EXISTING | . PUSE PLUG ERODES  FUSE PLUG

 SPILLWAY AT WO FUSE (INSTANTANEOUS  DOES BOT

FLOOD EVENT LOWER DERBY _ PLUG FAILURK)s#**  ERODE
100-YEAR . 5226.B%%* 5225.1 5226.1°° . 5224.T
SPF . B22T.4Rmx 5226.2 5226.2 . 5226.2
1408 SPF 5227.7%%%  5226.6 - 5226.6. 5226.6

1708 SPF - 5228.0%%%  5227.0 . . 5227.0 - 5228.0%%%

% Reservoir routings were conducted for the entire drainage basin upstream -
~ of Lower Derby Dam ' : : , ‘ :
%% Reservoir routings were conducted for the entire drainage basin upstream
 of Ladora Dam _ : _ ' _ '
%xx% Reservolr elevations include the effects of a Lower Derby Dam failure
kx+* Failure of the fuse plug occurs when reservoir reaches the fuse plug

crest elevation (5249.2) . -

As the table indicates, Ladora Dam is hydrologically inadequate and 1is
incapable of passing the outflov from a Lower Derby failure = without
overtopping. Improving Lower Derby's spillway capacity will improve Ladora's
hydrologic capacity for flows up to the 100-year event. = Corps and State of
Colorado minimum criteria for the hydrologic capacity of a dam of Ladora Dam's
size (small) and hazard classification (significant) is the 100-year event.
With Lover Derby Dam's proposed spillway, Ladora Dam would be bordexrline ad-
equate, having reservoir elevations right at crest elevation for the 100-year
event. For flows greater than the 100 year event, but less than 170% of the
SPF, an improved spillway will prevent Lower Derby Dam from overtopping; how-
ever, outflows .from Lower Derby would be large enough to overtop and fail

Ladora Dan.

b. The rating curve shown in Table. 3 of the Hydrology Analysis is not
the correct rating curve for a 275' spillway.  The rating curve for a 225'
spiliway vas inadvertantly substituted. The 275' spillway rating curve used -
in the actual corputer modeling is shown below in Table 2. .




MROED-GE {MRDKD-A/24 Jan 86) 3rd End \
SUBJECT: Rehabilitate Lower Derby Lake at Rocky Mountain Arsenal, €O

TABLE 2

275° SPILLWAY RATING CURVE

ELEVATION DISCHARGE (cfs)
5247.2 0
5248.3 683
5249.5 2,175

. 5250,2 : 3,160
5250.8 - . 4,290
5251.4 .- 5,555
5252.7 8,473
5254.0 11,880

¢. - The fuse plug was not taken into account in the original reservoir

" routings. Additional reservoir rout1ngs were performed using a range of flood
events and four different scenarios to determine the impacts that the fuse
plug has on.these routings. The results of the routings were previously pre-
sented in Table 1. As the table indicates, the proposed spillway for lower
Derby Dan can still pass 140% of the SPF for the worst possible case of the
fuse - plug not eroding. The risk analysis conducted as part of the original
Hydrology Analysis has shown that for inflows greater than 140% of the SFF,
whether Lower Derby Dam fails or holds does not have a szgnxf:cant 1mpact on

" the water surface level downstrear of RMA.

d,  Three alignments for ‘the proposed_spillway at Lower Derby Dan  were
exanined in detail. The three alignments included the proposed right abutment
alignmwent, an al;gnnent closer to the right abutment and entering the headwa-
ter of Ladora Lake a few hundred feet downstream, and a left abutment align-

‘ment. . The latter two alignments were eliminated from consideration 'as ex-

plained below. It is pointed out that the proposed alignment of the splllway
is the al1qnment des1red by the Rocky Kountain Arsepal. - 7

A sp;llway alignment on the left abutment at the location of the existing

spillvay was eliminated from consideration for the following reasons. A site
investigation and examination of contour maps of the areas to the south and-

southwest of Lower Derby Lake revealed a very flat terrain. An extremely long
(5200 feet) channel would be required to properly direct spillway flows back
to Ladora Lake. In addition, three roadways would need to be relocated or
modified. = An extensive amount of trees and other vegetation would need to be
removed in the area of the existing spillway for this alignment. This area
would most likely require a continual maintenance program to kéep the trees
and vegetation from returning. Because of the considerable number of cubic
yards of excavation required for the chanrpel, the relocation of the three
roadways, and the continual maintenance problems expected, this alignment was
considered to be extremely cost prohibitive.

7.




MROED-GE (MRDMD-A/24 Jan 86) - 3rd End | -
SUBJECT: Rehabilitate Lower Derby Lake at Rocky Kountain Arsenal, CO

- A spillway alignment closer to the right abutment of the dam and entering
the headwater of Ladora Lake a few hundred feet dovwnstrean of Lower Derby Dam
was eliminated from consideration for the folloving reasons. Locating the
spillway near the Ladora Lake headwater would require a drop of 18 feet in a
distance of approximately 800 feet. The result would be velocities in excess
of 10 fps. The 18 foot drop would have to be contained with a sharp bend of
the spillway.  The sharp bend would result in a concentration of flovw and in-
creased velocities along the right bank of the spillway. The large drop and
the necessity of placing the drop within a bend would require the spillway to
‘be a cost prohibitive concrete structure. ' _ :

_e. An inspection of the outlet works conduit has already been incorpo-
rated into the specifications for the rehab work (Section 2M). ‘The inspection
is to be conducted by Corps personnel and any work identified as a result of
the inspection will be added to the contract by modification. :

f. The cost .of the SAF straight drop is less than 2% of the total
project cost. A trapezoidal concrete channel would be about half the cost of
the SAF straight drop; however, the trapezoidal channel is not an efficient
energy dissipater and its performance cannot be guaranteed. - Since the SAF
- straight drop is an efficient and reliable hydraulic structure and the cost is.
not excessive, it is recommended the SAF straight drop be constructed.

g. The maxipum normal operating reservoir elevation for Lower Derby Dam .

.~ is 5247.2.  The fuse plug was incorporated into the design of the spillvay in
order to prevent frequent use of the open cut spillway during small flood
events. = The fuse plug prevents use of the spillway until the reservoir
reaches elevation 5249.2. Elevation 5249.2 exceeds the 100-year pool eleva-
tion for the Lower Derby drainage basin. It is emphasized that this is the
drainage basin between Lower Derby Dan end Upper Derby Dam and mot the ‘entire

drainage basin above Lower Derby Dam. :

‘The fuse plug in the Lower Derby Dam spillway is a 2-foot high plug with
an impervious blanket on the upstream face and base. An erodible pervious ma-
terial is utilized in the main portion of the plug. -The fuse plug is the same-
design as used at Bowman-Haley Dam in North Dakota, except for the riprap
placed at the upstream face and the height of the plug. Riprap is placed on
the upstream face of the fuse plug because the maximum normal operating pool

is at the toe of the fuse plug.




MROED-GE (MRDMD-A/24 Jan 86) 3rd End |
SUBJECT: Rehabilitate Lower Derby Lake at Rocky Mountain Arsenal, CO

: since the spillway at Bownan-Haley has mot been used, the fuse plug has
pot been  tested to deternine if it will fail. It is anticipated that the
Lover Derby Dam fuse plug, as designed utilizing the erodible pervious mate-
rial in the downstreanm portion, would erode frop the downstream toe upstrean
to the impervious face. The impervious face, upon losing its foundation,
would collapse. The riprap on the face would also collapse, lowering the
height of the riprap to approximately the height of the largest ‘rocks plus
gome underlying collapsed impervious material. The continuing flow of water
over the riprap would disperse the rock allowing nearly unobstructed flow into

the spillway.

It is felt that the spillway flov velocities at the fuse plug are suf-
ficient to wash away the erodiFle pervious material; however, to provide
greater assurance that the Lower Derby Pam fuse plug will fail, the top width
of ‘the erodible pervious material will be constructed to 15 feet rather than

30 feet as was proposed.

‘As indicated in the hydrologic analysis presented in this 'endorsement
(Paragraph 2a. and 2¢.), the presence of the fuse plug, "whether or not it
erodes, does no;‘threaten‘the-integrity of Lower Derby Dam. . The fuse plug

also does not pose any additional threat to the hydrologic adequacy of Ladora

Dap as compared to the no fuse plug condition.

3. We would appreciate an expeditious résponse'to this endorsement so that

the plans and specifications fer the rehabilitation of Lower Derby Dam can be

finalized.
FOR THE COMMANDER: . o ,

14“1‘..&._ KELL, P.E. |
Chief, Engineering bivision




HROED-TH  (MRDMD-A/24 Jan 8G) 2nd End Swoboda/dr/7327
SULJECT: - Rehab41itate Lower Derby Lake at Rocky Kountain Arsenal, CO -

DA} Missourd River Division, Corps of Engineefs. PO Box 103,
Downtown Station.,omaha, NE 66101-0103 5 September 1986

To: Commander, Omaha District, ATTN; NROED
1. The submitted Hydraulic and Hydrology Analysis for the rehabilitation

of Lower Derby Lake at Rocky Mountain Arsensi has been reviewed and & field

inspection of the area was conducted on 16 July 1966, The Hydrology
Analysis of Lower Derby Dam is approved subject to resolution of coiments
a, b and ¢. Comments d thru g are furnished regarding the proposed
rehabflitation of Lower Derby fam: IR ,

: a.: The Hydrology Analysis should discuss the ihpacts of a lower Derby -

Dar: fallure on the downstream Lake Ladora. The hydrologic safety of Lake
Ladora should be addressed. E S

b. There is & discrepancy betweén the spillway'ratinQICUrve de#eloped

1fram the dimensions and equations shown in the Hydraulic Analysis and the
rating curve shown in Table 3 of the Hydrology Analysis,

c. The hydrology write-up should indfcate if the 2-foot high fuse
plug was accounted for in the reservoir routings.

d, It fs recommended that the a?ﬁgnmént'and Tocation of the proposed
spilivay be reevaluated te deterzine 1f a mere cost effective alignment can
be found. The proposed location is through one of the highest areas '

Cexisting on REA and thus the most costly. There eppears to be a spillwey

route, requiring less excavation, closer fo the right abutment of the dam

- and entering the bheadwater of Lake Lacdore a few hundred feet downstread of

Tower Derby Dan.

e. It is recommended that the outlet works conduit be ‘inspected to
determine its condition.. : : : . :

f. -Thé_frapézoiﬁa1 concrete channel downstream of the box outlet

~ structure appeared to be functicning adeguately, however, the side slopes

have severely cracked. kepair or replacement of the concrete s ,
recomended in lieu of constructing & SAF drop structure at the end of the
box outlet. ' : ' o : ' :




- MRDED-Ti (MRDiD=-A/24 Jan 80) 2nd End
SUBJECT: Rehabilitate Lower Derby Lake et Rocky Kountain Arsenal, CO

~ g. The proposed spillway modifications for Lower Derby Dam call for
the placement of a 2-foot high fuse plug in the spiliway, The need for
this fuse plup s questioned in Tight of the small amount of flood control
storage existing in this reservoir, It is also questioned if the fuse plug
will in fact erode as planned when overtopped. Recommend you evaluate the
erogibility of the proposed fuse plug and the consequences if 1t does not

erode.

FOR THE COMHAHDER:

5 Encls ' WILLIAM P, TODSEN, P.E.
wd ' o - Chief, Engineering Division




MROED-G (24 Jan 86) lat End _ - '
SUBJECT: Rehabilitate Lower Derby Lake at Rocky Mountain Arsenal, €0

DA, Onshe District, carp-' of Engineers, 6014 U. 3, Post Office and Courthouss,
Omaha, WE 68102-4578 27 February 1986

T0: Commander, Missouri River Division, ATTH) MRDMD-A

1. Reference is made te Your basic letter dated 24 Jsnuary 1986, wubject
as sbove. : _

2. Enclosed for your review snd approval sre the Bydraulic Design Analysis
(anclosure 2), Eydrology Anslysis (epclosure 3), and & reply to your review

corments (enclopuve 4).

3. Although the bydrologic analysis showe the developnent of the Probable
Maximum Flood weing MMk #55 eriteria, it does not go into detail as to why

s decistion was wmade to use an fncremental demage anslysis instead of this svent
for design considerations. A simple explanation for mot using the Probable
Maximam Flood is that the rehabilitation costs veing the IR #55 criteria were
prohibitive. Since the grata of Colorado has spproval suthority for the :
propossd xepairs and modification of this project, we decided to adopt the
{neremental damage procedure described in the State's Dax Bafety Manual.

‘The vesults of this study were reviewed by the State and a letter indicating -
approval was received Yebruary 18, 1986. A copy of this letter is attached an

snclorurs 5.

4, 1f you are still interestul!‘in a field fnugpection of Lower 'Dérby Dan after
review of the above mentioned enclosuores, please wotify either Mike Xelly,
MEOED-GE, at Ext, &444 or Dennis Gaare, MROED-CB, at Ext. 4553.

YOR THE COMMASDER:

S Xncls T, R, FElL, P.E.

Added & encls ; ' trhief, Engineering Piviston
2. Hyd Des Annlysis ‘

3. Nyd Analysis

4. Comments

5. letter

"CF: w/o encls
HROED-MF
MROED~-HD

AmoEn-GE




) 4
DEPARTMENT OF THE ARMY

MISEOUR] RIVER DIVIBION, CORPS OF ENGINEERS )

=3 BOX 1O DOWNTOWN STATION =
OMAHA, NEBRASKA €8101-0/0D

MRDMD-A 24 Jenuary 1986

SUBJECT: Rehabilitate Lower Derby Lake at Rocky Mountain Arsensal, CO

.Commander, Omaha District

ATTH: WMROED-MF

1. Reference is made to Your letter dated 24 Dec 85, spubject as above,
to this office, ' : : . ‘

2. Approval of the submitted plans. and specif{cations is withheld pending

a review of the dam safety aspects of the_proposed rehabilitation of Lower
Derby Dam. Request that MROED submit their Hydraulics and Hydrology

evaluation to MRD for review and approval. )

3. A joint MRD/MRO field inspection of Lower Derby Dam should be scheduled
to field review the proposed modifications. This could coincide with the
final design review conference at Rocky Mountain Arsemal with RMA and state
in attendance. Please contact Al Swoboda, MRDED-TH, to arrange a ‘suitable

date.
4. Data submitted with above*réferenced letter have been reviewed and our

partial comments are enclosed. Request that a reply be made to this office
by returning the enclosed comments properly annotated as to dispogition.

\;:::SNH‘kahj
. WILLIAM P, TODSEN, P.E.
Chief, Engineering Division

FOR THE COMMANDER:

Encl

CF:
MROED (wo/encl)




